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INTRODUCTORY REMARKS. 

The unlimited extent to which railway traffic 
appears likely to attain, the vast fields of enter- 
prise it "has already opened up, and its grow- 
ing importance to the interests of the human 
race, must make every consideration affecting the 
construction, working, and safety of railways a 
matter interesting to all. Any suggestions, there- 
fore, which may tend » in the least degree to 
promote the general safety, cannot fail of being 
favourably received. That railways should have 
effected such vast and important changes in this 
country in so short a period as thirty years, through 
the medium of steam as a motive power, must 
stamp the era in which we live as one of the most 
enterprising in British history. Nor is the spirit 
b 



2 INTBODUCTOBY BEMABKS. 

of emulation in railways confined to this country : 
already have the United States of America made 
prodigious exertions in the construction of rail- 
ways; and this spirit is fast extending itself over 
our Transatlantic Colonies, both in British Ame- 
rica and the West Indies, and will soon be deve- 
loped in Australia. In the Spanish settlement 
of Cuba, railways have for some years been in 
existence ; and both British and foreign colonies 
seem to vie with each other in the formation of 
these great conveniences for inland transport. 

In our vast territorial possessions in the East, 
railways are about to be formed; and in the course 
of time the stores of wealth of our Indian Empire 
will be rendered more available, and the very 
centre of that rich and populous dominion be 
made accessible to all. On the continent of Europe 
great progress in railways has already s been made, 
chiefly in France, Belgium, and Germany : in the 
last above a thousand miles are now open. A 
direct communication will ere long exist be- 
tween Paris and Brussels; and when Paris 
is united to Marseilles and Havre, the advantage 
will be great to this country in the overland 
route to India. In a short time every country 
in Europe will be intersected with railways ; and 
perhaps at no very distant period continuous 
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railways will be constructed across Europe into 
the centre of Asia, and even perhaps to the 
capital of China itself* There seems, indeed, no 
limit to the formation of railways. They may 
be the medium of removing the prejudices, and 
making the members of the great human family 
better known to each other, and thus tend to 
promote civilisation and preserve the peace of 
the world. 

In Great Britain and Ireland there are already 
completed, or in progress, above 2800 miles of 
railways; and Parliament, during the recent 
session, has with great liberality passed bills for 
railways to the enormous extent of 2841 miles, 
with a capital of 44,322,235/. This may well 
create astonishment at the vastness of British 
resources; and as the money for the formation 
of these railways is to be expended within the 
kingdom, it cannot be followed with those dis- 
astrous consequences with which over-speculation 
has too often been attended in times that are 
past. Let us hope that the works that are now 
progressing, and still to be undertaken, will be 
attended with general benefit to all classes; and 
that while the country reaps the benefit of such 
unprecedented exertions, the interests of the 
promoters and enterprising capitalists will not 
b 2 



4 INTRODUCTORY REMARKS, 

suffer. In the construction of such vast under- 
takings, care and precaution are obviously 
necessary; and nothing will tend more to their 
success than their judicious arrangement, and the 
selection of beneficial lines, and their formation 
in such a manner as will, with the guide of 
experience, make them a safe vehicle of transit; 
so that every one may travel by them without 
apprehension, and in perfect safety and comfort. 
This is the more necessary as every other mode 
of transit is fast merging into this one. 

I should rejoice if this work, which professes 
merely to give a condensed view of the subject 
of railways, and of the methods by which in- 
creased safety thereon may be obtained, should 
tend in any degree to promote the general 
security in travelling. 



INLAND TRANSIT. 

The rapid advancement which Great Britain has 
made during the last fifty years is not more 
strikingly marked than by the vast facilities of 
communication opened up during that period* 
Down to the middle of the last century, the an- 
cient mode of transport of goods was still con- 
tinued ; and most of the traffic of the country was 
carried on by means of pack-horses, a mode of 
carriage still practised in mountainous districts in 
many parts of the world. As the improvements 
of roads progressed, heavy goods came generally 
to be transported by waggons. 
• At the commencement of last century, stage- 
coaches had made but little progress in Britain ; 
for we find, in the year 1706, a stage-coach adver- 
tised to perform the journey from London to 
York (196 miles) in four days; and, in 1712, a 
coach undertook to go from London to Edin- 
burgh (about 400 miles) in thirteen days, " eighty 
able horses being employed on the journey." 
Twenty years later, the same journey was per- 
formed by coach in four or five days. The first 
coach was started between Edinburgh and Glasgow 
in the year 1678, and it took six days to perform 

B 3 



6 INLAND TRANSIT. 

the journey, of 42 miles. In the year 1766, nearly 
a century afterwards, the same journey was ac- 
complished by the stage-coach in eleven or twelve 
hours. So late as 1798 the first mail coach com- 
menced to run between Edinburgh and Aberdeen, 
a distance of about 117 miles. It was twenty-one 
hours on the road. 

Until the introduction of steam- vessels, travel-* 
ling from London to Edinburgh was as serious a 
matter by sea as by land. Six or eight days was 
the common time occupied by a smack on this 
coasting voyage. In the year 1811 not one steam- 
vessel was on the river Thames; and even the 
passage from London to Gravesend or Margate 
was no trifling matter. What a contrast does 
the river now present ! How rapid has been the 
advancement in steam navigation during the last 
30 years ! As the power of steam progressed, 
coach transit seemed to vie with it ; and to such 
perfection had it reached, by improvements on 
turnpike roads, in the breed of horses, and by 
the skill of drivers, that passengers were carried 
fearlessly along at the rate of 12 to 15 miles an 
hour. Canals too, which are now so common in 
this country, and which were in use at an early 
period in the history of many nations, are but of 
comparatively recent introduction into Britain ; 
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they indeed took the lead of railways, and perhaps 
their success retarded for a time the advancement 
of the latter. The first canal with locks supposed 
to have been made in this country, was that of 
Exeter in the year 1563 ; but till two centuries 
later they made little progress. The formation 
of the Sanky Brook into a canal, from the river 
Mersey to St. Helens, in Lancashire, took place 
in 1755, and led the way to the general use of 
canals in Britain. J. Brindley planned the 
Worsley canal, for the Duke of Bridgewater, in 
1758. The Grand Trunk canal between the 
Trent and Mersey, 63 miles in length, commenced 
in 1766, was completed in 1777, and so rapid was 
the extension of this mode of transit, that between 
1760 and 1803 no less than 2295 miles of canals 
were opened to the public. Equally rapid with 
the movement of canals and of steam navigation 
has been the science of railway locomotion. 
Though coming into full action 30 years later, it 
has moved on with truly amazing speed, evincing 
that the power of steam has » effected for this 
country the same prodigious advancement in inland 
transit it has already achieved in manufactures and 
navigation. The immense advantage which the 
general introduction of railways into this country 
has already produced, in affording facilities for the 
b 4 
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conveyance of passengers and goods, must be 
obvious to all. With a rapid and easy mode of 
transit, new markets will be opened up for 
manufactures, which must lead to the esta- 
blishment of factories in heretofore neglected 
localities. From this impetus the vast resources 
of the nation will be still farther developed; 
the immense stores of mineral wealth so widely 
diffused will be made more available, and the 
fields of commerce, manufactures, and agriculture 
be enlarged and extended. 

ORIGIN OF RAILWAYS. — ROADS OF THE 

ANCIENTS. 

Bail ways in their present form may with cer- 
tainty be considered as a modern invention, and 
of little more than the growth of a century It 
is understood that the iron railway system is 
entirely of British origin ; and so peculiarly was 
it confined till recent years to this country, that 
it has been designated by some writers the British 
roadway.* But although this may be the fact, 

* It has been claimed for Germany that a railway was 
formed in the mountainous district of Hartz, and that the 
principle was brought to England in the year 1676 by some 
miners who came to this country ; but this is not much 
credited. 
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as viewed in connection with the modern principle 
of railway construction, still the idea of forming 
smooth surfaces for carriages to run upon — which 
is the germ of the railway system — cannot be 
deemed a modern invention, but is undoubtedly 
one of very great antiquity. It may easily be 
supposed that such a plan would suggest itself 
in very early ages, and would be taken advantage 
of for the transport of heavy loads. Indeed it is 
impossible to suppose that a people who have left 
us so many colossal works as the ancients have 
done, in Egypt and Persia, would be ignorant or 
not avail themselves of this method for facilitating 
conveyance. Very little, however, has been dis- 
covered of the practices of those nations, or of the 
Greeks, upon this point. But the works which 
the Romans have left behind them have thrown 
much light on the subject : for of all the works 
of the ancient Romans, no memorials have been 
handed down to posterity more enduring, and 
evincing more labour and enterprise, than their 
military roads. These seemed to have kept pace 
with the progress of their arms, and every country 
they subdued participated in the advantage ; for 
the Romans formed their roads, it seems evident, 
with the twofold object of obtaining supplies and 
for the easier movements of their troops. Several 
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of the Roman roads are famed in history, and 
known to all readers; and ourwonderof this singular 
people undoubtedly does increase, when we con- 
sider the celebrated Appian Way, which was car- 
ried to the extent of 300 miles from the capital. 
The excellence of the principle on which the 
Roman roads were constructed, and their pro- 
digious durability, are attested by the fact, that 
parts of this famed road are yet entire, after the 
lapse of more than nineteen centuries. Such 
was the extent of roads the Romans made in 
Italy alone, — some of which took their names 
from the gates of the city, — that they have been 
estimated by historians at about 14,000 miles. 

No principle seems more apparent in the con- 
struction of roads by the Romans, than the adop- 
tion of a smooth surface to diminish friction ; and 
hence it may be supposed they were well aware 
of the advantages of smooth wheel-tracks. From 
the description which has been given us by the 
Romans, of the construction of their roads, there 
must have been employed a degree of skill and 
perseverance almost incredible. Vast labour seems 
to have been taken in preparing a firm foundation : 
sometimes arches were built, on which it was 
formed ; sometimes piles were driven, as the basis 
of the road ; and often, substrata of small stonesj 
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several feet in thickness, were laid. In this^country 
these beds of stones, of so much as three feet in 
thickness, have occasionally been met with. When 
the ground was brought towards a level, heavy 
Btone blocks were laid for the roadway, so as to 
make it firm and smooth. These stone blocks 
have been found of different dimensions, generally 
of an oblong form, though sometimes a cube of 
about eighteen inches. Some of the Roman roads 
are described as being divided into two parts, for 
carriages going in different directions, similar to 
a double line of railway, and these lines of roads 
were separated by an intermediate footpath, paved 
with brick, and elevated above the carriage tracks. 



STONE WHEEL-TRACKS. 

Wheel-tracks formed of stone or marble, laid 
in parallel continuous lines, have been in use for 
several centuries at Milan and other parts of 
modern Italy ; and these probably owe their origin 
to Roman invention. Indeed, the idea of using 
stone wheel-tracks till within late years was a 
favourite scheme for increasing the power of 
animal labour. Various attempts, accordingly, 
at different periods, have been made to introduce 
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this system into Britain, and several tracks 
of continuous stone rails, usually termed tram 
roads, have been constructed both in England 
and Scotland. The stones of such wheel-tracks 
are usually about a foot in width and depth, and 
three or four feet long. In London, and most 
cities, such tramways for short distances have long 
been in general use, and found of great advantage 
for ascents. A considerable portion of the road 
leading to the East India Docks from London is 
laid in this manner. There is another of some 
extent on a steep incline a little to the south of 
Edinburgh. There was an extensive stone wheel- 
track near Aberdeen. It was composed of granite, 
and was above a mile in length. 

Several persons have proposed plans of stone 
railways for common roads and public streets on 
an extensive scale. The plan of Mr. Matthews 
of Walworth was noticed in a report of the House 
of Commons several years ago ; and the description 
of another plan is also given in 1824 in vol. vi. 
of the Highland Society's Transactions. 

The want of durability, and the expense, of stone 
tracks, and their comparative inefficiency for the 
general traffic of heavy carriages, have prevented 
their general adoption. As they are, however, 
adapted for the wheels~of any kind of carriages, 
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such a plan of roadway is extremely useful In short 
distances, for increasing the power of traction. 
This plan has been farther extended by the in- 
troduction of iron plates, instead of stone, and 
cast-iron causeways have also been tried. Con- 
tinuous plates of iron for wheel-tracks are now 
common. Among the first laid was one, in the 
year 1816, of some length, on an acclivity leading 
from Glasgow to the Forth and Clyde Canal, at 
Port Dundas. It was ascertained by experiment, 
when executed, that one horse could take up a 
load of 3 tons, in a common cart weighing 9 cwt., 
without any apparent difficulty. 

A plan somewhat similar was proposed by a 
German at Munich, to lay an iron plate on the 
upper surface of the stone-track, in order to diminish 
the friction and to prevent the abrasion of the 
stones into ruts by the wheels. 

It must be obvious to those who consider the 
science of locomotion, that it would have made 
slow progress indeed had no other plan than that 
of stone wheel-tracks been devised. The great 
step in advancement was the introduction of the 
wooden tramway, with carriages adapted for it. 
This had many advantages over the wheel-track : 
not only was the friction still farther diminished, 
but the road could be kept easier free from ob-? 
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structions. The application of this method of 
traction necessarily led to its improvement. We, 
who are accustomed to the beautiful roads which 
a Macadam* has introduced, can form but an im- 
perfect idea of the immense advantage such a 
plan must have presented to aid animal labour ; 
but the contrast must have been striking in draw- 
ing wheels over smooth surfaces, instead of through 
the deep ruts of the rude common roads of a 
century back. When it is considered, too, that 
the ordinary friction on a level railroad is only 
about y 1 ^ to } of that of a common road, we 
perceive the advantage of the former in a com- 
mercial point of view, as a horse can draw several 
tons more on it than on the latter, f Thus a much 
greater weight could be moved with the same 
force on the rail than on the road ; but on an 
ascent, the same disproportion does not continue 
to exist ; for the additional weight of the load of 
the carriage on the rails comes into operation in 
ascending the incline, and, as the force of gravity 

* Before Macadam's time the inhabitants of Holland had 
long enjoyed the benefit of well-formed and smooth roads. 
These are made of small bricks bedded in lime. 

f The usual estimate of the draught of a horse on a 
common road is from 15 to 30cwt., exclusive of the weight 
of the cart, 4 or more tons on a plate rail tramroad, and fronl 

15 to 20 tons on an edge railway including the waggons. 
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is in proportion to the load, the opposing resistance 
diminishes the effect, or positive gain. The im- 
portant principle in railway construction becomes 
therefore, at once apparent -^- that the more level 
the way, the straighter and fewer the curves it 
presents, the less will be the loss of power. 



BAILWAYS INVENTED. 

The characteristic distinction of the railway 
from that of wheel-tracks or stone tramroads is, 
that the railway is formed of parallel rails or 
bearers laid on a level, or as near a level as possible ; 
these rails being placed at a uniform distance 
apart, to suit the gauge of the wheels of carriages 
adapted purposely for the track or way, and 
having a margin, or what is termed a flanch, to 
guide them. When cast-iron plate rails were 
invented, the flanch was made on the rail itself; 
but some time after the introduction into the 
country of cast-iron wheels, which is understood 
to have taken plaee about 1754, the plan was 
reversed, and the flanch was cast on the wheel. 

It is not accurately ascertained when railways 
on this principle were first introduced into Britain. 
They were originally termed tram or dram roads, 
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or waggon-ways, the name tram-way being applied 
both to railways of this description and to stone 
wheel-tracks, though it is now commonly given 
to the latter. They were at first, probably, 
nothing but continuous parallel logs of wood, with 
a smooth surface. It is generally understood 
that wooden railways were first applied as a sub- 
stitute for common roads at the collieries, between 
the years 1602 and 1649, for the purpose of more 
easily transmitting the produce of the coal-fields 
and other minerals from the mouths of the pits 
to the place of shipment, and of enabling the 
horses to draw greater loads. 

A description is given of a railway in 1766, 
then in use near Newcastle-on-Tyne, whereby 
the carriage is so easy that one horse will draw 
four or five chaldrons of coals. For more than a 
century these railways were made of the most 
simple construction. A flat rail or tram way of 
timber was made use of, resting on wooden sleep- 
ers laid across the road. Probably, at first, single 
lines were only in use ; subsequently, thin plates 
of "malleable iron were laid upon the surface of the 
wood, to diminish still further the friction. 
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CAST-IRON PLATE RAILS. 

Railways continued much in this form for about 
a century, and little attention was bestowed on 
their improvement till the year 1738, when rails 
wholly of iron are said to have been tried at 
Whitehaven, as a substitute for wooden ones ; but 
this attempt did not succeed. Some years ago 
Mr. R. Stevenson, C. E., Edinburgh, took pome 
pains to investigate the subject ; and he observes, 
in "Notes in reference to Essays on Railways 
presented to the Highland Society, in 1819, by 
Mr. Scott and others," that he had reason to 
believe that the introduction of rails wholly 
made of iron did not take place till the year 
1766 or 1768, and that he had ascertained 
that 5 or 6 tons of rails were cast at the iron-* 
works of Mr. William Reynolds at Colebrook 
Dale in Shropshire, in November, 1767. From 
an account of the introduction of iron rails at 
these works, which was given by Mr. Hornblower 
in a report on roads, made to the House of Com- 
mons in the year 1811, it appears that a wooden 
railway was in use there until about this date, 
when it was resolved to lay down cast-iron plates 
5 feet in length, 4 inches broad, and a quarter of 
an inch thick, with three holes in each for nailing 
c 
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to the wood. These rails must have been very 
imperfect, having no guide-flanch, although it was 
soon after introduced. Mr. John Curr stated, in 
1797, in the preface to his work*, that the making 
use of cast-iron rails, and corves or coal waggons, 
was the first of his inventions, and was introduced 
by him at the underground works of the col- 
lieries of the Duke of Norfolk, near Sheffield, 
about 21 years before he wrote. This would 
make the date of his introduction of cast-iron rails 
about 1776; but, as before observed, rails made 
wholly of iron seem to have been previously in use, 
but whether with a flanch or not, appears doubtful. 
Mr. Curr describes the rails he made use of in 1797 
as cast-iron plates 6 feet long, three inches broad, 
and half an inch thick ; and the margin, or ledge, 
which was half an inch thick, and rounded on the 
. . top, stood two inches high above 

aj J the plate. Fig. 1. shows the end 

i view of Mr. Curr's plate rail. 
He remarks that these rails 
were considered a great im- 
provement on the common iron- 
•%•!• plated wooden tram-road ; and 

his plan was imitated, and applied at most of the 
collieries for three successive years. 
* u Coal Viewer's &C. Practical Companion : n London, 1797. 
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CAST-IRON EDGE RAILS. 

About this period more Importance appears to 
have been attached to the railway principle o£ 
traction, which hitherto had been confined entirely 
to the carriage of minerals. It has been stated 
that the first public railway in England was the 
one constructed at Loughborough, in the year 
1789, under the direction of the late Mr. William 
Jessop, engineer ; and to him is ascribed the first 
introduction of cast-iron edge rails (for which a 
patent was granted) with flanches cast upon the 
tire of the wheels to guide them on the track, 
instead of having the margin or flanch cast upon 
the rail itself, as described by Mr. Curr. 

The upper surface of Mr. Jessop's rail was 
made level, section, fig. 2., and the under part 
of an elliptical form, front view 3 fig. 3., now 
^ l" ' i "7 termed the fish-bellied rail. 
=cj^j When first introduced, chairs 
or pedestals, as now employed 



Fig. 2. Fig. s. to support the rail, were not 

used ; but the rails are described as having a flat 
base projecting outwards on each side of the end 
of the rail, through which there were square holes 
for the bolts to pass to fasten them to the sleepers. 

c 2 
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Subsequently the ends and joinings of the rails 
were supported by means of iron chairs placed 
on square pieces of timber, which gradually became 
superseded by stone props or separate blocks of 
stone. These are stated to have been first em- 
ployed, in 1797, by the late Mr. Barns, at the 
Lawson Main colliery railroad, near Newcastle- 
on-Tyne. Stone blocks were likewise used in 
the year 1800, by Mr, W. Outram, engineer at 
the railway of Little Eaton in Derbyshire. In- 
stead, however, of employing Mr. Jessop's edge 
rail, he used a plate rail, Jiffs. 1. and 7., with the 
guide flanch for the wheel cast on it, as, notwith- 
standing the advantages of the edge rails which 
Mr. Jessop had introduced, the plate rail con- 
tinued long in general use. The next form of 
an iron rail proposed is one described in the patent 
granted, in 1803, to Josiah Woodhouse, C. E„ 
Leicestershire. He proposed a form of rail or 
plate to be made of cast iron, the 
upper surface of which should be 
concave, {fig. 4.) and the width o* 
Fig. 4. the rsfil or plate to be increased or 
fliminished to suit the size of the wheel of the 
carriage. The reason he stated for adopting a 
concave form of rails was, that while the wheels 
of carriages were kept in the right direction, 
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they admitted of getting upon or from them with 
facility. These rails were chiefly intended to be 
imbedded in common roads. 

Perhaps the first distinct account made public 
of an edge railway of any extent was by Mr. 
Wyatt, in 1802, who gave a description of a 
railway of considerable extent, constructed by 
him, at the slate quarries on the late Lord 
Penrhyn's estate, near Bangor, North Wales. 
He gave & farther account of this railway in a 
letter to the editor of the " Repertory of Arts," 
dated Lime Grove, April, 1811, in which he 
mentioned that this railway still continued in its 
original form, excepting the sills and beds ; these 
had been first made of wood, but he had found it an 
improvement to make the chairs of cast iron. In 
Fig. 5., a is a section of Mr. Wyatt's rail, which was 
made in lengths of 4 feet 6 inches. An iron tenon, 
by was cast on each end of the rail, 2 
inches long, which was made to slide 
into c, a dove- tailed block: d is the 
wheel. This form of rail does not 
appear to have been introduced at the 
collieries in the North of England, 
Fig. 6. where edge rails, as represented in 
Jiff. 3*, or plate rails, were chiefly employed. 
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PLATE BAILS IMPBOVED. 

The next proposal for an improvement on iron 
rails emanated from Mr. Charles Le Caan of 
Llanelly, in Wales, who, in the year 1808, re* 
ceived a premium of twenty guineas from the 
Society of Arts for an improved tram-plate for 
carriages. The principle of this invention was 
dispensing with spikes or nails, commonly used 
in fixing the plates to the blocks, by having plugs 
or stops cast at certain distances on the rails* 
Fig. 6. is an end view. He de- 
scribes the tram-plate as 3 feet in 
length, with a flanch on the outer 
edge half an inch high; the sole, 
or bed, for the wheel, about 4 
Fig. 6, inches ; and the metal itself three 

quarters of an inch thick; the rail weighing 14 lbs. 
to the foot. The plates were fastened together 
by means of a tenon and mortice joint, each piece 
having a corresponding bevel sufficient to keep 
the ends from rising up. He pointed out the 
advantages of the plan to be, that, when the 
blocks were put in their places, they would not 
sink beyond the intended level ; that driving plugs 
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and spikes was rendered unnecessary; that the 
breakage of the rails was avoided, and that the 
carriage wheels were not obstructed by the heads 
of the nails. 

This invention clearly points out the progress 
which rail or tram roads had made at the com- 
mencement of the present century ; and that this 
subject at that period was attracting more atten- 
tion may be seen from the communication Mr. 
Le Caan made to the Society, in which he re- 
marked that railroads were daily increasing, from 
the great advantages they afforded in mining, 
mineral, and agricultural districts. 

There are still in existence in different parts 
of the kingdom railroads of the most primitive 
construction, which may enable one to judge of 
what importance were the improvements made 
by Mr. Le Caan. 

In the year 1801 an act of parliament was 
obtained for making the Surrey iron railway. 
It extended from Wandsworth, on the Thames, 
near London, to Croydon, a distance of 6 miles, 
and the cost of its construction, with a branch to 
Carshalton, was 60,0002. The same railway was 
extended in the year 1803, from Croydon to Merst- 
ham, Reigate, and Godstone, above 15 miles, and 
at a cost of 90,000/. As the tram-way exists in 

c 4 
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its original state from Wandsworth to Croydon, 
it may be contrasted with the London and South 
Western railway, which crosses it about a mile 
from Wandsworth, affording an example of the 
advancement made in the last forty years. 

The Surrey tram-way was formed at a period 
before edge rails had come into general use: 
hence cast-iron plate rails were adopted. These 
are made in pieces 3 feet in length, 4£ indies 
broad, and half an inch thick, with an upper ver- 
tical guide flanch, about 2 inches. Both the upper 
flanch and the under ledge are slightly elliptical, 
for the purpose of strengthening the plates. 

j Fig. 7. shows a transverse sec- 

tion of a plate and block of this 
,.._._ ..FpH:.j ; kind. On the Surrey tram-way 
the blocks are, however, merely 
rough stones. A block is placed 

* ■■::- -■-■■I under every joining, and the 

v " 7 * ground is made up nearly level 

with the top of the rails. The plates are fastened 
to the blocks by means of a spike driven into a 
wooden plug, there being a notch or groove in the 
end of each plate, so that one spike holds down 
the two plates. The whole work is of a coarse 
description. The plates, being imperfectly held 
down, are easily shaken, and the rails present many 
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inequalities from the sinking of the blocks, which 
has led to the breakage of the plates : the friction 
must, therefore, be considerable. The usual load 
which a horse can draw on it is, however, said to 
be about four tons. The carriage wheels used fo* 
the waggons (which are entirely drawn by horses) 
are about two feet in diameter, and the tire of 
the wheels 1£ inches. 

There * are two lines of rails laid down, the 
gauge of which is four feet, with an intermediate 
space of five feet. Notwithstanding the general 
levels of this tram-way being good, and that it 
affords facilities for conveying agricultural pro* 
duce to London, and the return of manure to 
the country, there is not much traffic on it, being 
superseded by the more efficient system now in use. 

It cannot be wondered at that the public 
opinion, with such an example as this, should 
have been for several years unfavourable to rail* 
ways. Plate railways, however, continued for 
long in common use after this one was made. 
In the year 1808 an act was passed for the con- 
struction of a tram-road 9£ miles in length, of 
a similar description, between Kilmarnock and 
Troon in Ayrshire, being the first public railway 
that was formed in Scotland. It was a double line 
of way laid with a plate rail bedded on stone 
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blocks, similar to the Croydon tram-road. Another 
railway projected about this period, 1810, was one 
from Glasgow to Berwick. It was surveyed by 
the late Mr. Telford, and the expense estimated 
at 29267. per mile; but it was never commenced. 



MALLEABLE IRON PLATE BAILS. 

The plate iron rails were made of cast iron till 
about the year 1824, when wrought iron came to 
be adopted. The chief recommendation of plate 
rails must have been their cheapness of formation, 
as edge rails required a greater quantity of ma- 
terial; but the objections to the former arising 
from the friction of the wheels against the upright 
flanch, the broad surface of the plate collecting 
obstructions on it, the numerous joints interfering 
with the action of the wheels, and the constant 
repairs required when heavy traffic was carried 
on, must have always detracted from their utility. 

Plate iron rails of other forms have occasionally 
been used in this country. In the United States 
a very simple plate rail of malleable iron is in 
oommon use, consisting of iron bars 15 feet long, 
2£ broad, and from £ to £ of an inch in thickness, 
fastened to a wood or stone raiL The flanch is 
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placed on the wheels, as in the edge rail. Rail- 
ways are worked with locomotive engines on this 
kind of rails, with considerable success, at moderate 
velocities, and, from the abundance of timber 
and the little outlay required for iron, the adop- 
tion of this plan becomes an object, having the 
advantage of the materials on the spot. The first 
railway understood to have been constructed there 
was in the year 1827, called the Quincy railroad, 
four miles in length, from a granite quarry to 
the shipping port of Neponset. Since that period 
railways have been extended with even greater 
rapidity than in this country, and are still 
rapidly advancing. It is said that about 5000 
miles of railways have been made ; but as many 
of these have only a single line of way, are of 
an inferior construction, and intended for slow 
speed, they can hardly be compared with the 
costly undertakings in this country. It may 
easily be surmised that, in so many miles of rail- 
ways, many plans must have been tried. On 
some of the lines, rails similar to those used 
in this country are adopted ; on others the iron 
plate rails have in some instances been laid upon 
continuous blocks of granite ; but the more general 
plan, however, is to place them on longitudinal wood 
rails. The annexed sketch {fig. 8.) shows the trans- 
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verse section of the Saratoga railway, constructed 
in the latter way, a railway 
of this kind being considered 
well adapted for swampy 
districts, and where forests 
abound. The bed of the rail- 
way is first formed with 
parallel trenches, 18 inched 
square, filled with small 
stones, which serve as a drain 
to keep the timbers dry, and 
cross trenches are made in a similar manner, and to 
attain the same object, under the cross sleepers. 
Upon the parallel trenches, along the line of the 
railway, are first placed longitudinal timbers of 
yellow pine, with a scantling of 5 or 6 inches by 8 
inches, and to these, at three feet apart, are firmly 
secured transverse wooden sleepers of white oak, 
(cedar, or locust, or other wood,) sometimes 6 inches 
square, and at other times with a scantling of 8 
or 10 inches broad, and 10 inches deep; and, 
lastly, the longitudinal wooden runner, 6 or 8 
inches square, which forms the line of rails, is 
fixed; upon which the plates of iron of the 
size previously stated are laid and fastened with 
iron spikes with the heads made flush with the 
plate. On other lines, as the New York and 
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Boston, the under timbers are dispensed with, and 
transverse sleepers, 7 feet long and 8 inches 
square, are laid, upon which the longitudinal tim- 
bers are fixed, surmounted with the plate rail. 
On the Philadelphia and Columbia railway, 82 
miles in length, under the management of the 
state, several plans have been tried experi- 
mentally. On the Baltimore and Ohio railway, se- 
veral miles of rails are laid with granite sills, or 
a continuous curb, in pieces from 5 to 9 feet long, 
15 inches broad, and 8 inches thick, upon the 
inner edge of which the iron plate is spiked down 
to tree-nails of oak : on other lines the blocks 
are one foot square, and rest on a stratum of broken 
stones. A short distance of the Quincy railway 
is likewise laid with stone blocks. Some of the 
rails, from the sharpness of the curves, are con- 
nected together with iron ties. It has been 
found necessary, to prevent impairing the effi- 
ciency of this kind of railway, to place the iron 
rails more towards the centre of the blocks. 



WOOD RAILS. 

In this country the system of wooden railways 
has lately been revived by Mr. Prosser, chiefly 
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to take advantage of his guide wheel, and a few 
miles of timber rails have recently been experimen- 
tally laid down at Wimbledon Common. The rails 
{fig- 9. a, a,) are formed of square blocks of wood, 




beech or hard wood, without any protecting iron 
plate, 9 feet long, and 6 inches square, attached to 
wooden sleepers 6, and secured by wooden wedges, 
forming one great frame of longitudinal and cross 
sleepers. A part of the timber has been sub- 
jected to Mr. Payne's, and a part to Sir Thomas 
Burnett's patented process for increasing the du- 
rability of timber. Mr. Prosser states that the 
advantages to be derived from the use of his 
patent guide wheels in connection with the wooden 
rails are, that, from the greater bite wheels 
have on wood than on iron, a steeper class of 
gradients can be ascended, that shorter curves 
can be taken with safety, and that the general 
liability of carriages to run off the line is di- 
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minished, to which he adds, the cheapness of the 
original construction. Mr. Prosser has done away 
with the flanches on the carriage wheels, but con- 
siders that the advantages derived will be greater 
from the substitution of a guide wheel for the 
flanch on the bearing wheels, and that the in- 
vention is equally applicable to iron rails as to 
those of any other material. 



PATENT CAST-IRON EDGE RAILS. 

Although many plans were devised after the 
introduction of the edge rail into this country, 
no very decided improvement took place till the 
year 1816, when Mr. Losh, of Wallsend, and 
Mr. George Stephenson, who was at that time 
at Killingworth, obtained a patent for a cast-iron 
rail, which was at the time deemed an improve- 
ment over the common mode. The practical evil 
then existing in the system of laying the rails 
was the obstruction which the waggon wheels 
met with at the joints, and from the shock that 
was given, the rails were displaced and broken. 
This led to different plans of rails and chairs being 
proposed as a remedy. The object of the patent 
was to fix the rails immoveable in the chairs. The 
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rails were joined by what is termed a half-lap 
joint, with a pin or bolt which fixed them. The 
object intended to be effected was, that the end of 
one rail should not rise above that of the adjoining 
one, and securing the rails from yielding in the 
event of the block sinking. 

Fig. 10. showsthejointand block of the patentrail. 

Fig. 11. Transverse section of rail. 

Fig. 12. The plan. 




Fig. 10. 



Fig. 11. 



Fig. 12. 




somewhat similar form of a rail was 
proposed by Mr. B. Thompson, 
and tried at the Brunton and 
Shields railway. In this plan 
the chair had only one cheek or 
Fig. is. side, and the rail was fastened 

to the chair by means of a screw-bolt. Fig. 13. is 
a transverse section of the rail chair and screw- 
bolt. This plan of fixing with screws was found 
to be attended with inconvenience in practice, 
wedges or keys being preferred. 
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MALLEABLE IRON-EDGE RAILS. 

The first decided improvement, however, in the 
construction of iron rails suitable for rapid speed, 
was the substitution of malleable iron instead of 
cast iron; for it must have been obvious that 
the great desideratum was to obtain a rail of 
sufficient strength* Mr. N. Wood states, that 
malleable iron-edge rails were first tried about the 
year 1803, at the Wallbottle Colliery, near New- 
castle-on-Tyne, by Mr. C. Nixon. The rails made 
use of, were short bars, only a few feet in length, 
joined together with one pin, by a half-lap joint, 
the end of the one rail projecting two or three 
inches beyond the end of the adjoining one ; but 
at this time the preference was given to cast-iron 
rails with a broader surface. 

According to a report made by Mr. K. Ste- 
venson of Edinburgh, dated December, 1818, 
malleable iron-edge rails were first introduced 
about the year 1810, at Lord Carlisle's coal- 
works, at Tindell Fell, Cumberland. At the 
time he wrote, he observed, that 3£ miles of 
malleable iron rails had been in use for eight years 
at that coal- work, where there were also two miles 
of cast-iron rails, and the malleable iron was 
D 
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found to answer the purpose in every respect 
better. This statement was corroborated by a 
letter from the works, dated May, 1819, in 
which it is mentioned that malleable iron rails 
had been laid down for eight years without 
requiring alterations, while the cast iron were 
attended with a daily expense from breakage. 
Mr. Stevenson seems to have been strongly im- 
pressed, at the period he wrote, with the supe- 
riority of malleable iron for the making of edge 
rails. He remarked, that the plate rail, then so 
much used, not only induced greater friction, but 
tended to clog the wheels ; that the application of 
malleable iron edge-rails, instead of cast iron, 
would be attended with most important advan- 
tages to the railway system, and that he gave a 
decided preference to malleable iron, formed in 
bars from 12 to 15 feet in length, with flat 
sides, and parallel edges. Subsequent events 
have fully proved the truth of this conjecture ; 
but the general opinion at the time was against 
the use of malleable iron for rails, on the ground 
of its greater liability to oxidation, and of the 
mode of rolling rendering them fibrous, and liable 
to laminations; and Mr. Wm. Chapman, in his 
report on the Newcastle and Carlisle railway, 
1829, was unfavourable to malleable iron, on 
these grounds. 
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The application, however, of malleable iron 
rails was extremely limited until after the year 
1820, in October of which year Mr. John Birk- 
enshaw, of the Bedlington iron-works, obtained 
a patent for an improvement in their construc- 
tion. Previous to this patent, the section of 
the rails was either a square or an oblong, or 
sometimes a bridge form of rail was used. In 
the specification of the patent, the invention is 
described to be "malleable iron bars formed in 
prisms. " The upper surface of the bar, on which 
the carriage was to run, was to be made slightly 
convex, to reduce the friction, and the under part 
to rest on the supporting blocks, chairs, and 
sleepers. The wedge form was proposed, he 
states, because the strength of the rail is always 
proportioned to the square of its breadth and 
depth; and that hence this form of a rail posr 
sessed all the strength of a cube equal to its 
square; he also adds, sufficient strength might 
still be retained, and the weight of the metal further 
reduced, by forming the bars with concave sides. 
From the sketch Mr. Birkenshaw gave of his rails, 
in 1820, they differ little from the single parallel 
rails now used, except in the form of the bar itself. 

Although this patent invention did not present 
much apparent novelty, still the attempt to intro- 
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duce a scientific principle of construction, led the 
way to the vast and endless variety of forms of iron 
rails which have subsequently been introduced, and 
in which much ingenuity has been displayed. For 
many years after this patent was taken out, public 
opinion seems to have been in favour of the u fish- 
bellied edge rails," as introduced by Mr. Jessop ; 
and accordingly this form of rail was most generally 
used. We have seen that Mr. George Stephen- 
son, in conjunction with Mr. Losh, had taken out 
a patent for an improvement on the form of rail 
in 1816; and on the Stockton and Darlington 
railway, where the former gentleman, who has 
been justly considered the father of the loco- 
motive system of traffic, made his first appearance 
as a railway engineer, the original rails, probably 
laid down in the year 1821 or 1823, were of the 
fish-bellied form, only 28 lbs. to the yard. 

This shape of rail was afterwards made in 
malleable iron, and adopted on several railways. 
In the year 1829, Messrs. Losh, Wilson, and 
Bell obtained another patent, for a mode of join- 
ing rails of this form without a pin, as proposed 
in Mr. G. Stephenson's former patent ; and their 
patent rails were laid down on the Newcastle and 
Carlisle railway, in 1829, and in other places. 

It may be observed how slow was the progress 
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of invention in railway construction, until the 
patent for the malleable iron rail was obtained, 
in 1820 ; indeed it may be said, that till then no 
material alteration of the principle upon which 
railways had long been constructed took place. 
At this period, indeed, the vast capabilities of the 
railway system were hardly surmised; it was 
confined nearly to its original application for 
traction at collieries ; for the whole railway Acts 
for the preceding twenty years were only twenty. 
At this time the Stockton and Darlington railway 
company had not assumed a public form ; for it 
was not till 1821 that they obtained their first 
Act, to construct a tram-road from Stockton on 
Tees to Witton Park Colliery, with several 
branches, for which a capital was proposed of 
£82,000, in £100 shares, besides a loan of 
£20,000. In 1823 and 1824, the powers of the 
company were further enlarged by other acts. 
At this period the number of railways in the 
United Kingdom was considerable, when those 
at coal and iron works were added : and these were 
all worked either by horse power or by gravity. 

One of the best railway engineers, about this 
time, in England, was the late Mr. William 
James of Warwick, who planned the first railway 
of any length in England, the Stratford and 
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Moreton railway, for carrying coal and agricultural 
produce. It was completed in 1821 ; was 18J 
miles, in length including branches, and was also 
worked by horses. 

Another individual who, about this period, 
displayed much prescience in the railway system, 
was Mr. Thomas Gray of Leeds, who, from a 
work he published in 1820, entitled " A General 
Iron Railway," has been considered the projector 
and founder of the present iron railway system. 
It has been stated that Mr. Gray, like many other 
projectors, has reaped no advantage from his 
useful suggestions, which is more to be regretted, 
when so much wealth has been acquired by rail- 
way schemes. No one, a few years ago, or in 1820, 
could have forseen the giant strides which the 
system of railway transit, in so short a period, could 
have made ; and the spirit and enterprise which 
have been displayed in carrying out their con- 
struction are beyond human calculation. All this 
success has, however, sprung from one single 
circumstance — the invention of an efficient im- 
pelling force ; for without a powerful prime mover, 
of how little utility the ferreous system for pas- 
senger traffic would really have been, is at once 
ascertained by contrasting the railways at that 
time in use with those at the present. 
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Not thirty years back, large sums were expended 
in the construction of railroads for horse traffic, 
on which passengers considered it a boon, from 
the cheapness of the fares, to be drawn in car- 
riages, by one horse, at the rate of 8 or 10 miles 
an hour. So late as 1826, a railway Act was 
passed for constructing a cast-iron edge railway, 
worked by horse power, between Edinburgh and 
Dalkeith, with branches to the coal-works, which 
was opened for traffic in 1831, and it is still 
worked in the same manner. This railway is 
indeed about to be remodelled and extended, for 
locomotive transit ; for at present, from the light- 
ness of the rails originally laid down (which 
were fish-bellied, about 28lb. per yard, on stone 
blocks and chairs), and from the short radii of 
several of the curves (600 feet, or less than one 
eighth of a mile), this railroad is unfit for loco- 
motive engines.* Its alterations will, however, 
be attended with much expense, and may even be 
imperfect when completed. It would be more 
advantageous perhaps to leave it as it is, for 

* On railways, the lengths are described in miles, chains, 
yards, and feet. One mile contains 5280 feet, 1760 yards, 
or 80 chains. A chain is subdivided into 100 links ; and 
the fractional part of a chain is expressed decimally, as 
10*5, which is 10£ chains, a little more than one eighth 
part of a mile ; 10*75, which is 10 J chains, &c. 
d 4 
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coal traffic, and construct a more direct line of 
railway. 

Other railways at the same period were con- 
structed for horse power, some of which have 
already been altered to suit locomotive engines. 
So late as 1831, an act was obtained for con- 
structing the Whitby and Pickering railway for 
horse traffic*: several small railways are still 
worked with horses. It has indeed been well 
remarked, that excepting on account of hu- 
manity, little comparative advantage, so far as 
passengers are concerned, could be gained by the 
use of railways worked with horse power, over 
the old mode of travelling by stage coaches, and 
even this is doubtful. 



RIGIDITY Or MALLEABLE IRON RAILS. 

It would be tedious to describe the multiplicity 
of forms which have been proposed of late years 
for iron rails : one indeed might be puzzled, amongst 
the variety, to determine their relative merits, and 

* On this railway, the average speed at which the carriages 
are drawn, is 11 miles an hour ; and at this speed, one horse 
will draw a carriage weighing 3 tons, and about 30 passengers; 
in all, 5 tons. 
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to fix on that which is best. It is important, 
however, for understanding properly the construc- 
of railways, to have a clear conception of the 
different methods which have been adopted in 
laying down the rails on different railways. 

After the formation of the road, and when the 
banks have become consolidated, the great prin- 
ciple to be kept in view, where steam is the motive 
power, is the application of malleable iron rails, 
in such a manner that they shall have sufficient 
stability for heavy carriages to run upon them with 
velocity and safety. 

For a long time after the introduction of 

malleable iron rails, 
the plan of support- 
ing the rails at in- 
tervals on props, as 
the piers of a bridge, 
as shown in fig. 14., 
was continued, and is still the method adopted in 
the great majority of the railways in this country. 
The iron rail being obviously liable, between these 
supports, to be depressed or deflected, when 
heavy loads passed over it, and, if it possessed 
much elasticity, to become dangerous, as acting 
like a spring, it therefore became an important 
point to give it such a form, and such strength, 




Fig. 14. 
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that the undulations it might be subjected to, 
would not communicate a shock and disturbance 
of the joints, and add to the amount of friction. 
A great deal has been written on this important 
subject ; although it might have seemed an easier 
thing to adopt another plan entirely, where the 
deflection of the rail would be merely nominal, 
than to endeavour to correct a plan, in the prin- 
ciple of which there was an inherent defect. 

The form of rail, it has been shown, which was 
long in general use, and preferred, was the ellip- 
tical, which, from the upper edge being level, and 
the under part swelled out, was supposed to possess 
greater strength. Of this shape were the malleable 
iron rails first laid down on the Liverpool and 
Manchester railway, weighing only 35 lb. per 
yard. Fig. 15. is the elevation of this rail and 

chair. 

Fig. 16. is the 
section at the middle 
Fig. 16. of the rail. 

Fig. 17. is a section 
through the rail and chair. 

These rails were, however, 
soon ascertained to be too 
light ; and heavier ones, of 
the same shape, were adopted. 




Fig. 15. 




Fig. 17. 
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Fig. 18. is a section of the 50 lbs. 
elliptical rail, laid down on the same 
railway. It was 4 inches at the ex- 
treme depth in the middle; and 3 
inches at the bearings. 
This shape of rail continued to be com- 
monly used on railways until the year 1835, when 
the Directors of the London and Birmingham Bail- 
way Company requested Mr. P. Barlow, F.R. S., 
to visit the Liverpool and Manchester railway, with 
the view to advise the Board as to the weight of 
the rails, the description of chairs and fastenings, 
the distance of the supports, and the size of the 
blocks, to be adopted. In order to ascertain 
accurately, by experiment, the strain which a load 
in rapid motion produces upon the rail, or bar of 
iron, over which it passes, compared with the 
known strain produced by an equal load qui- 
escent, Professor Barlow used, for the purpose of 
measuring the exact amount of deflection, an 
instrument which he called a deflectometer ; con- 
sisting of a system of well-balanced levers, with a 
registering index : one point of the lever being 
applied under the centre of the rail, the greatest 
deflection the rail sustained, during the passage of 
a heavy load over it, was distinctly indicated. The 
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experiments were conducted at the Liverpool and 
Manchester railway, with rails of different forms, 
placed on bearing-blocks, at different distances 
apart ; and the results were given to the public in 
two reports : — 

He stated that he had proved, " that while 
blocks and fixings are secure, the strain from a 
passing load is but little in excess of that from a 
quiescent load, or as *089 is to *079 parts of an 
inch ; whereas the effect on the joint-ends amounts 
to *121 inch, being an excess nearly of 40 per 
cent. ; but this excess of strain at the joints was 
in part due to the looseness of the chair and 
block; for while the deflectometer only showed the 
amount of deflection when the load passed over, 
the lurching of a waggon, from some irregularity, 
would indicate double the amount. If the deflec- 
tion per ton be taken at *0050 inch, with 33-inch 
clear bearings, 3 tons at 45-inches bearings gave 
•0314 when at rest, and *0353 when in motion; 
showing that, when every thing is well fixed, the 
, strain is nearly the same, and that each rail is 
only pressed with half the weight of one pair of 
wheels." 

This result, it must be obvious, is what a priori 
might be expected; and as the joints are most 
affected by the shock, the plan of reducing the 
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number of the joints, or increasing the length of 
the bars, from the first forms of rail which were 
used, was long ago adopted. Still, however, as 
the vertical deflection of the bar increases the 
disturbance of the joints, it becomes a point of 
the greatest practical importance to fix the best 
distance to place the props apart ; and it would 
therefore have been of much use had this point 
been conclusively fixed; in place ofVhich, the 
result of Mr. Barlow's experiments seems to be, 
that he considered that, by increasing the section 
of the bars proportionably to the distance of the 
props, the two might go on pari passu; — that, in 
practice, it will be found more important to 
increase the weight or section of the rails, and to 
decrease the number of the bearings *; — that there 
were limits, however, even as to this, which could 
not be conveniently passed; for if the bearings 
were much extended, the breadth of the rail must 
be so much increased as to require a weight of 
iron altogether inadmissible ; or the depth must be 
increased in the same proportion as the length of 
the bearing, which is impracticable; or if the 
bearings, on the contrary, were too close, the 
requisite quantity of iron in the bar may be so 

* Lieutenant Lecount, R.N., wrote against lengthening 
the bearings, in his work, 1836. 
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small as to give a very unsatisfactory section; — 
that it is still, therefore, a question which is the 
best length to adopt, or whether different lengths 
might not be employed, according to local cir- 
cumstances; — that, so far as mere present outlay 
is concerned, the plan which will cost the least 
money, can only be known when the price of 
stone, expense of labour in laying, and price of 
iron, are gjiven ; but looking to future expenses, 
he would certainly prefer the larger bars and 
longer bearings; — that it was however useless, 
restricted as above, to examine any distance of 
bearings less than three feet, and more than six ; 
— and with this restriction, he thought that such 
increased thickness might be given to the iron as 
would enable it, even with the props farther 
apart, both to meet the vertical pressure, and resist 
the lateral strain, when the rails are laterally 
deflected at the outer sweep of curves ; for the 
deflection of the longer bearings, although greater 
than the shorter, was not to a large amount. 

Mr. Barlow came to the conclusion, that the 
strength of a bar should be double that of the 
mean strain, or load. In his first report, he 
thought from 10 to 20 per cent, would be suffi- 
cient; that is, for a 12-ton engine, as the weight 
is at present distributed, a strength of 7 tons 



STRONGEST FORM OF BAIL. 47 

would be ample provision; and with greater ac- 
curacy of construction, a less strength would 
suffice ; or rather, allowing the same strength, an 
engine of 14 or 16 tons might be passed over 
with greater confidence. Thus, for 12 tons' 
weight, with a velocity of about 35 miles per 
hour, 7 tons would allow a surplus strength of 
16 per cent, beyond double the mean strain. The 
deductions from his experiments led him to re- 
commend that the section of an iron rail for a 
5-feet bearing, with strength 7 tons, should not 
exceed 5 inches in depth; that the head ought 
not to be less than 2-25 lbs. per yard, and be 
1 inch in depth; that the whole weight at the 
sections should be 67*4 lbs. per yard ; the thickness 
of the middle rib, *85 inch ; depth of bottom web, 
1*66 inch ; and breadth of ditto, 1£ inch ; that the 
deflection of such a rail, with 3 tons, would be 
•064 inch. 

Fig. 19. is the section of a rail of this shape, 
laid down, on one railway, 60 lbs. per 
yard. For bearings of less width, he 
did not reduce the weight or size of the 
head, but kept it at the same section, de- 
creasing the whole weight and depth of 
the rail : thus for a strength 7 tons, 
Fig* 19. with a 3-feet bearing, the whole weight 
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was 51 # 4 lbs., whole depth 4£ inches, depth of 
bottom web 1 inch, breadth 1*25 inch, thickness 
of middle rib # 6 inch, deflection with 3 tons was 
•024 inch. 

Section for a 3-feet 9-inch bearing: whole 
depth 4£, depth of bottom web 1 inch, breadth 1£ 
inch, thickness of middle rib '75 inch, of whole 
weight 58*8 lbs. per yard, deflection 3 tons *037. 
Section for a 4-feet bearing : whole depth 4f 
inches, depth of bottom web 1 inch, breadth of 
ditto 1£ inch, thickness of middle rib # 8 inch, 
whole weight 61'2 lbs. per yard, deflection with 
3 tons '041 inch. 

Section for a 6 -feet bearing: whole weight 
79 lbs. per yard, whole depth 5| inches, depth of 
bottom web 1£ inch, breadth 1*66 inch, thickness 
of middle rib 1£ inch, deflection with 3 tons '082. 
Such is the form and section of rail recom- 
mended by Mr. Barlow ; and it is seen, from the 
above description, that although he preserved the 
same strength and resistance in each of the rails, 
the important fact is brought out, that the longer 
bearings are less stiff than the shorter, showing, 
as he admits, that the idea of greatly increasing 
the distance of the bearings must be given up. 

Mr. Barlow's report has shown that it was 
doubtful if any additional strength was gained, 
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in a given weight of iron, by the elongation of 
the centre rib, while it was inconvenient in other 
respects. The fish-bellied or elliptical form of 
rail has therefore been entirely given up, except- 
ing on railways where it had previously been 
adopted. The rails which are now in general 
use, are either the single parallel rail, as proposed 
by Mr. Barlow and others, under the various 
forms called T rails, or what have been termed 
double parallel rails, like a double T, having a 
top and bottom flanch parallel with the ground. 
Fig. 20. is the section of a single 
parallel rail of 50 lbs weight per yard, 
which has been used on several rail- 




ways. 

Notwithstanding that Professor 

Barlow expressed a strong opinion 
in favour of the single-flanched rail over the 
double, — that he could see no advantage the 
latter possessed to compensate for its actual and 
obvious defects, that he considered it inferior in 
strength and convenience in fixing, and that the 
advantage it was supposed to possess, namely, that 
it might be turned when the upper table was 
worn down, was impracticable, and that he 
saw no advantage in the broad bearing, — still 
the double-headed rail, in practice, has almost 
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entirely superseded the single one : whether the 
adoption of the double one arises from affording 
greater convenience to the rail layer, and facilities 
for keying it, and the advantage of having the power 
of reversing it, and selecting the best side, or from 
the manifest advantage of a broad bearing to the 
rail, — this form is now generally preferred. 

The Liverpool and Manchester Railway Com- 
pany has of recent years adopted a double parallel 
rail of a peculiar section ; not admitting, however, 
of the power of turning it. The object to be at- 
tained in adopting this shape, is stated to be, that by 
having the part of the rail upon which the flanch 
of the wheel acts, of the same outline 
as the flanch itself, greater strength is 
■t given to the rail, while the other edge 
of the rail is lightened. These rails 
J have been laid down at 60 and 75 lbs. 

Ftg ' 21 * per yard. Fig. 21. is a section of the 
60 lbs. rail. 

The more common and useful form of a double 
parallel rail, is when the segmental outline is the 
same at top and bottom : for although it cannot be 
denied that the weight of the bottom flanch does 
not add proportionably to the strength of the rail, 
nor even that the power of turning it is at all times 
practicable, — yet there cannot be any doubt that 
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this form, for railways constructed on separate 
blocks and sleepers, presents many advantages ; 
and besides, as the cost is nearly the same for a 
rail with the top and bottom flanches alike, with 
that where the bottom web is somewhat lighter, 
no hesitation can exist in preferring the former, 
however much theoretical deductions may mystify 
the subject. 

Fig. 22. is the section of a double parallel rail, 
weighing 75 lbs. per yard, which has 
been laid down on the London and 
Birmingham, Eastern Counties, South 
Eastern, Edinburgh and Glasgow, and 
many other railways. 

The whole depth is 5 inches, the 
top and base are the same sections 

Fig. 22. r . . . * 

2 # 5 inches, the thickness of middle rib 
is about | of an inch, or less. 

Fig. 23. is the section of a double parallel rail ; 

It which has been used upon the Grand 
i Junction and other railways, weighing 
£ 62 lbs. per yard; whole depth, 4*5 
! Fig. 24. is the elevation, on a 
Fig. 23. * smaller scale, of a double parallel 
rail, about 65 lbs. per yard, of which 
the whole depth is about 4£ inches (being much 
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the same as that represented in the preceding 




Fig. 24. 






Fig. 25. 




figure), which has been laid down on some parts 
of the London and Birmingham railway. 

Fig. 25. is a section showing rail, chair, and 
mode of keying the rail. 
Fig. 26. is a ground plan. 

These rails are secured by oak 
keys or wedges. One side of 
the chair is bevelled vertically, 
against which the wedge acts, 
pressing down the upper side of 

Fig. 26. ^ e | ;)a8e Q £ t j ie ra ^ a]Q ^ f orcm g fa 

against the opposite side of the chair. 

Fig. 27. is the section of a 75 lbs. rail, which 
was laid down on the Edin- 
burgh and Glasgow rail- 
way, showing the form of 
chair, and mode of keying. 
Fig. 27. The inner side of the chair 

being curved, admits of ample space for the key 
to wedge the rail firmly. 
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Fig. 28. is a section of the rail and chair which 

^j|P is now laying down on the 

//^lltf\ North British railway, 

// JIM ) \ about 70 lbs. per yard, in 

t ^yp T?^ 12 an< ^ * 6 ^ eet lengths. 

1 1 jS The top and base are dif- 

%g% ' ferent sections, probably 

adopted with a view of saving in the weight, but 

presenting no corresponding advantages. The keys 

or wedges are made of oak, and are small in size. 

The preceding figures will give a tolerable idea 
of the different forms of rails which have been 
adopted on railways when supported on equidistant 
bearings. It maybe easily seen, that while choosing 
a section of rail to have sufficient rigidity or 
strength for the weight passing over it, the object 
sought after, is to adopt the most economical mode 
of construction. It seems generally agreed, that 
the bearing surface for the wheels to run upon, 
without being too heavy, or so narrow as in an 
additional degree to wear the wheels, should be 
about 2£ inches; and hence this size of a head is 
generally adopted for public railways. Although, 
both theoretically and practically, it has been as- 
sumed, by Messrs. N.Wood, Barlow, and E.Wood, 
that the strongest form of rail is that of which, with 
sufficient depth for rigidity, the base does not 

E 3 
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contain too great a quantity of material, — and 
though Mr. Barlow has given a formula for calcu- 
lating the section of greatest strength, — still the 
great object that the public are interested in, is 
the best form of rail for safety ; and of which, 
while it has sufficient strength to bear upon it 
heavy loads' in motion, the bearers should not be 
too far apart, to increase in the least degree the 
amount of either vertical or lateral deflection. 
When a rail possesses these advantages, its exact 
shape on mathematical principles is of less im- 
portance than its convenience of being easily 
fixed, and quickly shifted. Hence, while the 
single parallel rail is decreasing in practical ap- 
plication, the double one, from its convenience, 
is progressively extending. A knowledge of these 
facts is essentially necessary for every one en- 
gaged or connected with railways, whether he 
be a director or shareholder, whether an engineer 
or manager. With all the knowledge yet acquired, 
there is ample evidence of the uncertainty which 
still hangs around the subject; and the great 
expense it has already cost some of the older 
companies in making alterations, shows that ex- 
perience to them has been dearly bought. For 
example, it has been shown that the Liverpool 
and Manchester Railway Company has had several 
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times to alter the rails on that line ; to increase 
the weight from 35 lbs., the weight of the original 
rail, to 50 lbs., 65 lbs., and 75 lbs. per yard, suc- 
cessively; while the London and Birmingham Rail- 
way Company, notwithstanding the advantages de- 
rived from Mr. Barlow's able report, was obliged to 
reduce the width of the bearings or supports from 
5 feet to 3 feet 9 inches, and to increase the 
weight of the rails from 64 lbs. to 75 lbs. On 
other railways equally expensive alterations have 
been made. There is every probability, therefore, 
that, so long as that plan of railway construction 
continues, whatever may be the first cost to rail- 
way companies, a still greater weight must be 
given to the rails, and a still farther reduction of 
the width of the bearers must take place, in order to 
adapt the stability to increased rapidity of traction. 
Having given a general description of the sec- 
tions of rails supported on props placed equidistant, 
I shall now proceed to notice the manner in which 
the rails are supported and fixed in their respective 
places. It may be observed that the rails have 
gradually been increased in strength since steam 
power was introduced; the bars are usually made 
in 12, 15, and 16 feet lengths, with square or 
butt ends, and are laid end to end, the earlier 
complex contrivances to secure the joints being all 

E 4 
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dispensed with, and the half-lap joints (Jig. 12.) 
now rarely used. About y 1 ^ of an inch, at least, 
should be left between the ends for expansion ; 
for it has been ascertained that a bar of 15 feet 
in length will expand about T \ of an inch at 
75° F. Some have, indeed, proposed to place 
a small piece of wood between the ends of rails, 
as the different expanding properties of wood and 
iron would fill the space, the wood expanding ad 
the iron contracts : but such a plan is liable to 
objection from the wood being likely to be shaken 
out, and the space being left vacant. There is 
no part of railway construction that requires more 
accuracy of fitting than the joints : the squareness 
of the ends, and the space allowed for expansion, 
cannot be too carefully regulated. Instead of that, 
how often are seen spaces at the joints of different 
widths, and the ends of the bars in juxtaposition, 
without parallelism and uniformity of level ; thus 
increasing the amount of friction, adding to the 
jolting and rocking motion, and to the risk of the 
wheels of carriages being thrown off the rails. 

SETTING STONE BLOCKS AT INTERVALS. 

Stone blocks imbedded in the ballasting were 
for a long time the chief method adopted for 
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supporting the iron rails, and they are used on 
some railways almost throughout the line. On 
others, the practice has been to use both stone 
blocks and wooden sleepers, the rule being to 
place the stone blocks on solid ground and rock 
cuttings, and the wood sleepers on embankments, 
and always on the latter till the ground was pro- 
perly consolidated ; and, in some cases, the sleepers 
not being deemed as the permanent way, they 
have been replaced by stone blocks. This rule, 
however, has been greatly departed from; and 
the adoption of blocks or wood sleepers has been 
chiefly regulated by the locality or convenience. 
Mr. N. Wood gives it as his opinion, that when 
stone blocks can be had at a moderate cost, they 
are decidedly the best support for the rails. Stone 
blocks, no doubt, present more firmness, and a 
more unyielding resistance, than wood sleepers; 
but as the motion of carriages on the latter is 
more agreeable, possessing greater smoothness, 
they are coming into more general use. For- 
merly, square blocks of wood were made use of, 
as on part of the Stockton and Darlington rail- 
way ; but this is now unusual ; and, when blocks 
are laid down, they are made of granite, whin- 
stone, or other hard stone. They commonly con- 
sist of a flat stone, two feet square, by one foot 
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deep. The stone placed at the joinings of the 
rail usually contains five cubic feet, and the in- 
termediate ones four cubic feet. The distances 
the stones are placed apart are regulated by the 
views of the engineer ; and, as has been shown, 
opinion differs on this point, some preferring a 
lighter rail with a short bearing, others a heavier 
one with a broad bearing. Experience has how- 
ever shown, that whatever may be the form and 
strength of the rail, blocks placed beyond 4 feet 
(centres) apart, are unsuitable for steam power; and 
that a less distance is preferable. On some lines 
the blocks, from centre to centre, are three feet 
apart, as on the Leeds and Selby, Manchester and 
Leeds, York and North Midland ; on others, 3 feet 
9 inches (centres), as on the London and Birming- 
ham, Grand Junction, and London and Brighton ; 
and on others, 4 feet (centres), as on the London 
and South Western, Manchester and Birmingham, 
Edinburgh and Glasgow, &c. Stone blocks are 
sometimes placed diagonally opposite each other, 
and sometimes at right angles to the line of road. 
Fig. 29. is a ground plan, showing the modes of 
placing the stone blocks a b, and transverse sleep- 
ers c. It has been considered an advantage to 
lay them diagonally, instead of square, as steady- 
ing the rails, and because that access can be had 
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to all sides of the block, should it be displaced, 

Tl 




Fig. 29. 

and also as affording more lateral resistance. On 
the London and Birmingham railway, stone blocks 
are almost entirely used, and they are placed 
diagonally ; and on the Edinburgh and Glasgow, 
and other lines, they are placed at right angles, 
which admits of the chairs being placed closer 
together, and gives more stability. 

As the want of parallelism in the blocks is a 
great defect in railway construction, as also the 
want of uniformity of level, the proper setting of 
them becomes most important; otherwise, as 
the blocks are isolated from each other, and 
liable to sink, and so require constant packing 
under them, the rails may be thrown out of gauge, 
and prove a fruitful source of accidents. Too 
much care cannot therefore be taken in having the 
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blocks placed on a solid bed. Mr. Barlow strongly 
recommends that the blocks should in every case 
be placed immediately opposite to each other: 
when the blocks are not perfectly solid, one rail 
may sometimes be depressed by one wheel a 
quarter of an inch, while the wheel is perhaps on 
the block, and immediately after the high wheel 
is depressed, and the lower wheel is raised, giving 
a rocking motion to the carriages. 

The operation of setting the blocks was 
effected, according to the old system, by mallets 
and shovels, beating them till they came to the 
proper level ; but it is now usually done with a 
portable lever, about twenty feet long, (a plan 
introduced by Mr. George Stephenson,) by lifting 
up the block by the short end, about a foot high, 
and by repeatedly letting it fall upon the coating 
of the road in the intended seat, and throwing at 
the same time gravel or fine sand under it, at 
each descent, to form a solid bed for it : then it is 
set to the proper level, both longitudinally and 
transversely, by squares and sights. The dis- 
tances apart of the blocks being determined, the 
whole line of road is thus laid with blocks to suit 
the general inclination. They ought not to be 
moved when properly seated. 

The necessity of setting the blocks contermi- 
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nously at precise levels must be apparent, when it 
is considered that even a £ of an inch in 3 feet is 
equal to 1 inch in 12 feet, or to an incline rising 
1 foot in 144 feet. It is found, indeed, that by a 
slight difference of level at the ends of the rails, 
the carriage will pass without touching a portion 
of the rail; while the least deviation from the 
straight line, by the rubbing of the flanch of the 
wheel, will increase the force of traction. 

When a railway is therefore constructed for 
rapid speed, it must be obvious the rails cannot be 
too carefully laid, as any deviation from the level 
may throw the carriage for the moment off the 
four wheels, and it may then be supported even by 
two ; and thus the sudden lurching may produce 
such lateral blows as to break the chairs from 
their seats ; while the deflection of the rail, as has 
been noticed, has the effect of making the 
carriages as it were constantly ascending an 
inclined plane, although the line of way is a level. 
That accidents should arise from causes of this 
kind, often unsuspected, there admits of little 
doubt, and shows how much depends on the 
accuracy of workmanship in railway formation. 
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WOOD SLEEPEBS. 

Much that has been said with respect to the 
proper foundation and fixing of stone blocks upon 
the ballasting, applies to wooden sleepers. The 
latter have, however, the advantage, that they are 
made to reach from side to side of a line of rails ; 
so that the two rails are attached to the same 
sleeper : the rails are thus not so liable to lose 
their parallelism, or be thrown out of gauge, even 
should one end of the sleeper sink a little lower 
than the other, as might happen with blocks sup- 
porting rails which had no connection. This is 
an important fact, which does not appear to have 
received sufficient consideration. 

Transverse or cross sleepers of wood are 
generally made of larch, fir, or oak; and for a 
railway where the space between the rails is 4 
feet 8^ inches, they are made from 7 feet 
6 inches to 10 feet long, with a scantling of 
from 8 to 12 inches broad, and 5 to 8 inches deep ; 
but 10 feet long, by 12 inches broad, and 5 or 6 
inches thick, has been considered not too large a 
proportion for a 3-feet bearing. They consist 
usually of half trunks of trees of a small size, and 
of which the flat side should be laid undermost: 
a larger sleeper is always placed under the joinings 
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of the rails. The bed for the sleeper is usually 
the dry ballasting of the railway, the broken 
stones being levelled quite smooth before the 
sleeper is laid in its place. It was till lately the 
practice to kyanise* the wood sleepers; but this 
has been greatly superseded by the newer inven- 
tions, formerly alluded to, of Mr. Payne, for ab- 
stracting the juices and air from timber, and those 
of Sir J. Burnett. In many instances, however, 
sleepers of well-seasoned larch are laid without any 
preparation. The size of the transverse sleepers 
on the London and Birmingham line is 7 feet long, 
with a scantling 9 inches by 5 inches; on the 
London and Southwestern, cross sleepers through- 
out 9 feet long, scantling 10 by 4^ inches ; Edin- 
burgh and Glasgow, 9 feet long, scantling 10 by 
4£ ; Manchester and Birmingham, 9 feet ; Man- 
chester and Leeds, 9 feet, scantling 1 1 by 5 ; 
Midland Counties, 9 feet, scantling 10 by 5; North 
Eastern, 9 feet, scantling 10 by 6 ; North British, 
8 feet 6, scantling 9 or 10 by 4 £ or 5. 

Railways formed entirely on cross sleepers are 
much more common now than formerly, both in 
this country and abroad. Several lines indeed, 
which were formerly laid with stone blocks, have 
been relaid with wooden sleepers. The Belgian 

* Kyanise, to prepare timber with Mr. Kyan's patent 
solution. 
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railways are entirely laid on wood. In this country, 
on some lines, transverse wood sleepers have been 
laid down throughout the line, as on the London 
and South Western, the North Eastern, and others; 
and several of the lines now forming, are being 
laid entirely on cross sleepers, as the North 
British, and others. 

There still, however, hangs over this point of 
railway formation considerable uncertainty; for 
although on one line stone blocks may be entirely 
removed, and timber substituted, on another 
the reverse of this has been the case, from the 
decay of the wood. Cross sleepers too, unless 
they have sufficient scantling, and are considerably 
wider than the gauge of the rails, are liable to 
be displaced by the least sinking of the ground; 
and as there is nothing to prevent the sleepers 
from rising but the ballasting, this plan cannot be 
deemed perfect. It has, however, become extended, 
from its cheapness and facility of execution, and 
diminution of rigidity. 

The London and Greenwich railway affords 
a good example of the smoothness attending the 
use of timber bearings. Had the rails been laid 
on stone blocks upon the viaducts, it must have 
much increased the harshness of motion. 

Some attempts have been made, both in this 
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country and in America, to introduce the use of 
stone blocks in the same manner as transverse 
wood sleepers are laid; proceeding on the idea, 
previously noticed, that their parallelism was less 
likely to be disturbed, or the rail thrown out of 
gauge, from any inequality or yielding of a block, 
than when laid in the common manner. The 
Dublin and Kingston railway was laid on thorough- 
going blocks of granite of this kind, 6 feet long, 2 
feet wide, and 1 foot thick: these were laid across 
the way, at 15 feet apart, and intermediate single 
blocks of the ordinary kind were placed between 
them, at the distance of 3 feet. Probably, from the 
difficulty found in adjusting properly the bed for 
such heavy blocks, and from the vibration and 
jolting of heavy trains on a hard bed, and breaking 
of the long blocks, the plan turned out a failure ; 
and the stone blocks have been entirely taken up, 
and timber substituted. Sometimes transverse 
sleepers made of cast iron have been used in place 
of timber. Cast-iron bed-plates have also been 
proposed, instead of stone blocks ; but it is con- 
sidered iron has too much rigidity for these pur- 
poses. 

In the United States, transverse stone blocks 
were tried at the Boston and Lowell railway: 
the blocks were made of granite, 6 feet in length, 
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and 18 inches square, and placed at 3 feet apart, 
centre tp centre, each block supporting both 
rails, the gauge being 4 feet 8 J inches. This 
plan was found, however, to produce too rigid a 
road. In some instances, to attain a greater con- 
nection between the blocks when placed separately, 
iron tie or connecting rods have been used at 
curves. 

SEATING THE CHAIRS UPON THE BLOCKS, 

When the blocks and sleepers have been placed 
along the line of a road, the next thing is to set 
the chairs, or pedestals, which are to support and 
fix the rails. These are usually made of cast iron, 
for convenience, on account of the irregularity of 
shape. Malleable iron is, however, much stronger ; 
but though a patent has been obtained for making 
them of it, they have not been yet introduced. 
As great a variety of forms has been proposed for 
chairs, as for rails, because the former must be 
adapted to the latter. The chair generally stands 
vertically, having an open socket or groove to 
receive the rail, the base of which being, when set 
in the chair, about an inch clear of the block or 
sleeper. The distances the chairs are placed apart, 
are of course regulated by those of the blocks: they 
are fixed to the blocks in the following manner : 
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Holes are drilled in the stones, from 1£ to 2 inches 
in diameter, into which plugs of oak, or tree-nails, 
are driven; and the chair being placed on its 
seat, and accurately levelled, iron pins or spikes, 
with heads, are driven through the holes in 
the base of the chair, into the wooden plugs, 
which fixes the chair fast to the block. When 
chairs are to be fastened to wooden sleepers, 
the ends of the latter are cut to the proper 
level, and the chairs are nailed down with strong 
spikes. There are usually two perforations in the 
intermediate chairs, as on the North British 
railway; but on some railways the chairs have 
three, as on the London and Brighton; two on one 
side, and one on the other. The holes are some- 
times placed diagonally, and generally so in the 
joint-chairs. 

The weight of the chair is regulated by the 
size and strength of the rail, and both are made much 
heavier than formerly. The 76 lbs. rail on the 
London and Brighton railway has a chair at the 
joinings 10£ inches wide by 5 inches high, and the 
intermediate chairs are 10^ by 4| inches. The 
chairs on the North British railway are 10 inches 
wide, 5 inches high, 5 inches broad, and the inter- 
mediate ones 10 inches wide, 5 inches high, and 
4 inches broad. 
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The weights of the heavy chairs on the London 
and Birmingham railway are, joint chairs 31 lbs., 
and intermediate ones 26 £ lbs. 

Pieces of felt, when stone blocks are made use 
of, are now very commonly interposed between 
the iron chair and the block. When the chair is 
firmly pressed down by the pins, the felt forms a 
bed for it, giving it a firmer seat, and likewise 
diminishing the jolting and concussions of the 
carriage wheels, and the rigidity of motion upon 
the hard stone block. It is found, however, that 
in a few years the good effect is nearly lost, from 
the constant action of heavy loads on the rails, 
and that the chair bears hard upon the block. 

The chairs upon most of the principal lines 
where stone blocks are used, such as the London 
and Birmingham, Edinburgh and Glasgow, &c, 
have felt placed under them. 

WEDGING OR KEYING THE RAILS TO THE CHAIRS. 

When the iron rails have been laid into the open 
sockets of the chairs, the next operation to be 
performed is called keying the rails, which is done 
by means of wedges called keys, one of which is 
driven hard into a small vacant space left to receive 
it, between each chair and the outer side of the 
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rail, which is intended to firmly bind and secure 
the rail in its seat. Various sorts of keys have 
been prepared : they are most commonly made of 
oak or elm, both compressed and uncompressed, 
and also prepared by the patent process. Both 
solid and latterly hollow iron keys have been 
tried. 

Fig. 30. is a sectional end-view of Mr. Barlow's 
patent hollow iron key, ap- 
plied to wedge a double 
parallel rail. This form Of 
key has been very favour- 
Fig. so. a bly thought of. 

As on the proper keying of the rail much of 
the stability depends, too much care and attention 
cannot be bestowed upon the subject : hence the 
contrivances are numerous. The chief object of 
the key is to keep the rail firmly down in the 
chair, and at the same time not to prevent the 
longitudinal expansion of the rail. The kind of 
key understood to answer best, depends much on 
practical experience. The general use of wooden 
keys for wedging rails, arises from the greater 
facility they afford for their being tightened and 
replaced; but to attain this object, the wedges should 
be of ample size. Nothing demonstrates more the 
imperfections attending the construction of rail- 
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ways, where chairs and keys are used, than the 
constant watching the line of way requires, for 
tightening the keys. Figs. 25, 26, 27, 28. illus- 
trate the manner of fixing the rails with wood 
keys. 

RAILWAYS ON CONTINUOUS BEARINGS. 

Having now traced the progress of railways 
constructed on the plan first introduced by the 
late Mr. Jessop, in 1789, to the present time, it 
may be observed, that the laying the rails on 
alternate props or supports over the entire length 
of the road, whether they were made of wood or 
stone, has been the plan in general use, and seem- 
ingly has been considered by engineers to be the 
best. It is at first view extremely difficult to 
account for this partiality ; for after the introduc- 
tion of steam power on railways, difficulties pre- 
sented themselves in the construction of this form 
of railway, which had not been foreseen. Instead, 
however, of attempting the introduction of a new 
principle of laying the rails, large sums have been 
expended by the older companies in altering the 
form of rails first laid down. It is indeed 
amusing to observe how much has been written 
on vertical and lateral deflection, on the strength 
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and rigidity of iron, and on railway chairs and keys ; 
when it seemingly required but little ingenuity to 
devise a scheme, where the obvious deflections of 
a bar suspended on two fulcrums, as a bridge, could 
be got the better of, by placing th€ bar on a solid 
foundation; while greater safety and stability 
would be attained, and complicated contrivances 
to fix the bar become unnecessary. 

That any diminution of vertical deflection, by 
placing the bars on a solid base, is important, 
must be apparent to all, when it is considered that 
a heavy load depressed, must be like ascending 
an inclined plane on the rail, the height of which 
is equal to the central deflection. It was assumed, 
however, when the Great Western Railway was 
under consideration by the parliamentary com- 
mittee, that as much power was gained in the 
descent as was lost in the ascent, the odds being 
made even ; and thus the deflection would be no 
impediment ; but Mr. Barlow has shown that this 
assumption is erroneous, both in theory and prac- 
tice, and that in fact the gain from the descent 
is so exceedingly small, in such short planes, that 
it may be wholly rejected; so that in a plane 
supposed perfectly horizontal, the retardation or 
additional resistance to the carriages, caused by 
the deflection of the bar, will be equivalent to 
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the carriage being carried up a plane of half the 
whole length on a slope. 

Solidity of the base of rails, upon which heavy 
carriages are to run, being, as a preliminary point, 
so obviously a*hd essentially requisite, the only 
wonder is how it can be discussed at all. Yet we 
find engineers stating, that between rails firmly fixed 
to solid longitudinal bearers, and rails suspended in 
the common way between two points, not much 
difference of deflection exists. The fallacy of the 
statement is, however, so apparent, that it is hardly 
deserving of notice, were it not that such as- 
sertions have the dangerous effect of misleading 
the judgment of impartial inquirers. It may be 
therefore laid down as the rule of common sense, 
that the more firmly a rail can be laid conti- 
nuously on a solid bed, the less vertical deflection 
or bending it will have ; and unless iron bars, when 
suspended, can be made equal in strength, and to 
bear the same weight, ceteris paribus, the first 
plan must have most stability, not only in bearing 
the vertical strain, but also the lateral one; for 
surely it requires no argument to show that an 
iron bar laid upon a series of points, or fulcra, 
must be much easier bent vertically and laterally 
by the heavy blows or jolts of a carriage, than when 
the same bar is made to form a part of the solid 
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roadway on which the carriage runs. However 
much, therefore, some may consider as question- 
able the supposed advantages of rails laid on 
continuous bearings, the defect, if any, cannot 
appertain to the principle, which, the more it is 
examined, will carry the more conviction with it ; 
but it must appertain to the details of the con- 
struction. For instance, on some railways with 
continuous bearings, the rails are fastened into 
chairs, and rest upon intermediate saddles. 

When the iron rails are laid down, however, 
in this manner, the tension and elasticity of the 
bar — bound at intervals, like the strings upon 
the bridge of a violin — are not removed; in fact, 
there is no difference in the principle from rails laid 
upon cross sleepers : and it may fairly be admitted, 
that rails so laid upon longitudinal sleepers are 
inferior, in many respects, which could be pointed 
out, to rails laid upon transverse sleepers. 

It should therefore be kept closely in view, 
that when a railway is said to be laid on conti- 
nuous bearings, it is meant that the base of the 
rails rests entirely upon the solid timber. It has 
been shown that the old tram-road, first used in 
this country, was nothing but continuous logs of 
wood, with cross ties, adapted to the width of the 
carriage-wheels. When this system was intro- 
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duced in America, where, from convenience, it has 
been extensively adopted, it was farther improved, 
rendering it more adapted for steam power ; and 
on the Continent some railways have been similarly 
constructed. The introduction of this form of 
railway in America has been attributed to the 
abundance of timber, an advantage which this 
country does not possess : but the question which 
the public are most interested in, is not, where the 
material comes from, or even the cost of it, but 
what is really the best plan. 

One of the first engineers who has made the 
attempt to introduce into this country a railway 
on the American construction, but with iron 
edge-rails, was Mr. I. K. Brunei, who did so on 
the Great Western railway ; and it required both 
courage and ability to attempt an entire alteration 
in the railway system which had for several 
years previously worked so well; and perhaps few 
engineers would have attempted the bold ex- 
periment at once, which he did, of constructing 
so many miles of a railway differing so much in 
detail from the method of laying the rails pre- 
viously in general use. The principle is there- 
fore deserving of most careful consideration ; for 
if it ultimately turn out, by successive future im- 
provements, as successful as it has already proved, 
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this form of continuous railway may supersede 
the common mode of construction, and perhaps 
lead to the remodelling of many railways now in 
existence. 

It is generally understood that the objects 
which Mr. Brunei sought to attain, in proposing 
a railway on the American construction in this 
country, was, that while it could be made at no 
more expense than on the common method, it 
might be cheaper maintained, and much more 
agreeable to travel over, as there would be less 
concussion and jolting, and a smooth, equal, and 
elastic road, without any undue yielding ; in fact, 
that though there would be a less unyielding 
surface to pass over, than on rails laid on stone 
blocks, there would be sufficient firmness for 
safety, and less liability to the parallelism of the 
rails being disturbed, while both vertical and 
lateral deflection of the rails would be diminished. 

That he has not been disappointed in his 
surmises, in many of the points, can be disputed 
by few : that his views were not fully realised in 
the construction of this railway, arises from the 
inexperience which surrounds so many points of 
an infant science. It may be objected, that a fair 
comparison cannot be drawn between the Great 
Western, from its great breadth, and common 
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railways: but there are other lines in this country, 
of the common gauge, laid with continuous bear- 
ings, by which a comparison can be made. 

Before proceeding to describe the manner of lay- 
ing the sleepers on the Great Western railway, it is 
necessary to notice the form of the iron rail which 
Mr. Brunei adopted, as it differs entirely from 
those previously described, requiring neither 
cast-iron chairs nor wedges. It is the more neces- 
sary to understand the construction of the rail, as 
on the stability of the rail, and its proper adap- 
tion to the road, much of the safety of carriages 
running at high velocities will depend. 

Fig. 31. is the form of rail which was first laid 
down on the Great 
Western. It consisted of 
a hollow malleable iron 
Fig si. bar, made in 15-feet 

lengths, having two broad flanches perforated at 
intervals of 16 inches, for admitting the screw- 
bolts for fixing the rail to the timbers ; the outer 
bolt having the head raised above the flanch, and 
the head of the inner bolt being counter-sunk or 
flush with the iron : the original rails were only 
44 lbs. to the yard, and were \\ inch high. 
This form of rail is termed the bridge or hog- 
troughed rail. 
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LONGITUDINAL SLEEPERS, OR BEARINGS, ON THE 
GREAT WESTERN. 

As the plan which Mr. Brunei has adopted for 
the sleepers or frame-work of the Great Western, 
as now arranged, does not differ greatly from the 
American railways, and others which have been 
laid in this country, it will easily be understood. 
It may, however, be instructive to describe the 
first plan of forming the line of way laid down 
from London to Maidenhead, 22 J miles; but 
which is now in the course of being entirely 
altered. On this part of the line Mr. Brunei 
made use of piles driven at intervals, in order to 
give greater security to the continuous timbers, so 
that they might not rise up or go down; but 
these piles have been found to be unnecessary, 
and so to add much to the cost of the railway, 
without any corresponding advantages : they are 
therefore now being entirely removed, and longi- 
tudinal timbers of greater scantling substituted. 

Fig. 32. is a transverse section of a pile driven 
into an embankment. 

In forming the railway, when the road was 
constructed, beech piles, 10 inches in diameter^ 
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and 10 to 14 feet long, at intervals of 15 feet, 
placed rather closer to the outer than to the inner 
rails, one pile between 
each pair of rails, were 
driven into the solid 
ground, in cuttings about 
8 or 10 feet from the sur- 
face level, and in the em- 
bankments through the 
laid earth several feet into 
the natural strata. The 
vast labour and expense 
attending driving so many piles may easily be 
surmised. 

The head of the pile was made to stand about 
flush with the ballasting, and a groove of 1§ inch 
was cut out on the side, near the top of each pile, 
into which the cross-ties or transoms of American 
timber were let, which connected the piles to- 
gether. 

Every alternate pair of piles was placed between 
two cross-ties, and the intermediate piles had 
one cross-tie: the double cross-ties were 13 inches 
below the line of the rails, and the single one 9 
inches. On the transoms, and framed with them, 
were laid the longitudinal timbers which support 
the rails: they were of American pine, 15 inches 
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wide by 7 inches deep, each pair being laid at 
7 feet 2 inches centres: they were made to rest 
upon a piece of wood inserted between the double 
cross-ties, and they were sunk a little into the 
intermediate tie, which was made a little deeper 
than the double one: they were secured together 
by strong screw-bolts and nuts, with the heads 
countersunk, as shown in Jig. 31., into the upper 
surface. 

There were screw-bolts at every point of in- 
tersection with the transverse ties or timbers, so 
as to firmly bolt the whole together, and the latter 
with the piles : the timbers were laid carefully 
to the plane of the line of way, and perfectly 
level transversely, excepting at curves, where the 
inclinations of the cross timber was adapted to 
the radius. Both cross and longitudinal timbers 
were packed with sand and gravel, which was 
beat under them, so as to form a solid and compact 
bed ; and the beating was even continued till the 
timber was strained, as Mr. Brunei's object ap- 
peared to have been to throw up a vertical strain 
against the bars of the rail, to counteract the effect 
of the downward weight, and to rely on the retain- 
ing power of the piles to hold down the timbers. 

When the longitudinal timbers were fixed, 
the surface was smoothed to a uniform level, and 
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upon this a planking of American elm, 1J inch 
thick, and 8 inches broad, was laid, bedded with 
tar, having a slight inclination inwards, the angle 
of the slope being 1 inch in 20 inches. When the 
planking had been firmly nailed down, and the 
heads of the nails sunk flush, the iron rails were 
then fastened upon the thin planking, (pieces of felt 
having been placed between them,) by means of 
stout screw-bolts, with a deep-threaded screw, 
passing through the perforations made in the 
flanches of the 44 lbs. rails, into the solid wood. 
The outside screws had square heads, and the 
inside screws had the heads countersunk: a heavy 
roller was passed over the rails, to aid the firmer 
screwing up of the bolts. For the preservation of 
the timber, the whole of it was previously kyan- 
ised, and the iron-work laid with tar. It has 
been estimated that the timber used in each mile 
of this railway was 420 loads of pine, and 40 
loads of hard wood, and that also 6 tons of iron 
bolts, and 30,000 wood screws, were used. 

Such is a description of this most elaborate 
work, which it is useful to preserve. It affords 
another instance, of the many, of the truth of the 
adage, that the best laid schemes too often prove 
fallacious. That this plan has not altogether 
proved successful, is no more than is every day 
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seen to occur, although the results of the first trials 
made seemed to have been satisfactory. It was 
soon discovered, as already mentioned, that the 
advantages to be derived from driving the piles, 
notwithstanding the extra expense, were but 
trifling. They were therefore discontinued on 
the line beyond Maidenhead, and longitudinal 
timbers and cross sleepers only employed, the 
latter being laid at closer intervals, and the scant- 
ling of the timber of both reduced, probably with 
the view of lessening the expense. The radical de- 
fect of this railway was soon, however, discovered 
to be, that the scantling of the timber and the rails 
were too light for heavy loads passing with ra- 
pidity ; and, in consequence of accidents on the 
line, the whole timbers of the railway between 
Maidenhead and London are now in progress of 
being removed, and timbers of much heavier 
scantling substituted, upon the same plan as that 
upon which the southern portion of the line had 
been executed, and which is simple in construc- 
tion. 

Fig. 33. is a section and elevation on a small 
scale of the longitudinal timbers as now being laid 
down at the Slough station, and as existing in the 
western portion of the railway. They are half-logs 
of wood, with a scantling of 15 inches by 9 inches 
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or more, and the cross sleepers are 5 inches by 8 
inches. The cross sleepers are placed at intervals 




of 9 or 10 feet, and are firmly secured to the lon- 
gitudinal logs by means of bolts and iron straps, 
forming a strong frame. The iron rails have been 
increased in strength and size from 44 lbs. (the 
original) and 55 to 62 lbs. (those laid down on the 
parts of the line last executed), to 70 lbs. per yard. 
On the first 22£ miles, where the lightest rails 
were used, the head of the inner screw-bolt was 
countersunk, as has been described, flush with 
the iron, to avoid coming in contact with the 
flanch of the wheel. Beyond this distance, on 
the remainder of the line, the rails being increased 
in height, a nut was used for the bolt, both inside 
and outside of the rail, for convenience of tighten- 
ing the screws. This plan, however, in reality 
gave no more depth to the flanch of the wheel, 
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as the head of the screw was nearly equivalent 
to the increased height of the rail. It appears to 
me that the first plan was the most correct one ; 
for, by having the head of the screw sunk flush 
with the rail, no more height was given to the rail 
than was required properly to clear the flanch. 
Besides, if the first height was too little, it might 
have been increased without altering the plan of 
fixing ; for it will not be disputed that the lower 
the rail can be kept down, the more stability it 
must have ; whereas the carriage-wheels being now 
raised some inches clear of the base, there is the 
certainty of more oscillation or rocking of the 
carriages taking place. 

Fig. 34. represents a section on a large scale, 

of the rail laid down 



upon the western por- 
tion of the railway, in 
which the heads of both 
Fig. 34. the screws are raised 

above the base of the rail. 

In the new rails, laying down in the re-construc- 
tion of the permanent rail between Maidenhead 
and London, the height of the rail has been in- 
creased from 1£ the original rail to 2J inches. 
The width of the bearing surface for the wheel or 
the top of the rail is much the same as some of 
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those in use, being about 2£ inches. It has, how- 
ever, been stated, that it is intended that in the new 
rails laying down, the heads of the screws are to be 
sunk flush. Instead of being, as the first rails were, 
laid with a layer of felt under them upon the top 
of the 1^ inch planking of American elm, — thus 
affording a solid and compact bed, — the planking 
has been discontinued in placing the new rails, and 
the rails are merely laid upon pieces of prepared hard 
wood, about half an inch thick, and eight inches 
broad, which are nailed upon the longitudinal 
timbers, the felt also being dispensed with. It 
is difficult to perceive any advantage that this 
plan has over the former one : on the contrary, 
the friction of heavy loads may have the tendency 
to loosen these small pieces of timber. Were the 
rails simply laid down on the solid logs, on a bed 
of felt, as on the Croydon railway, the sta- 
bility would be very much greater; or, at all 
events, the first plan of using a plank, about 
two or three inches in thickness, nailed to the 
longitudinal timbers on which the rails might 
be fixed, must afford a more solid bed than the 
plan now adopting. 

I have been thus particular in describing the plan 
of the Great Western railway, as the success of 
the experiment must be interesting to the railway 
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world. In my opinion, Mr. Brunei has not yet 
done justice to his plan, by keeping the scantling 
of the timber the size he does. Even that which 
is now laying down is much too light for heavy 
trains at great velocity — which time will show; 
and he cannot expect the success that his plan 
deserves, unless a firmer base is given to the rails, 
which can only be done by increasing the scant- 
ling of the timber, and placing the transoms, or 
cross -ties, at closer intervals ; the adoption of 
which would afford all the advantages which can 
be obtained from a firm and unyielding base, and 
at the same time combine smoothness with sta- 
bility. 

The plan of rails adopted on the Great Western 
line has, as yet, not been much extended to other 
railways. The Irish Commissioners have intro- 
duced this plan on the Ulster railway, between 
Belfast and Portadown. The rails laid down are 
of the bridge form, and are of from 15 to 20 feet 
lengths, and 53 lbs. weight per yard. They are 
not bedded on felt, but are screwed to the timber 
with |- screws, 5 inches long, inserted at intervals 
of 16 inches. The longitudinal timbers have a 
cross section of 12 inches by 6 inches, having a 
lateral inclination of y 1 ^ of an inch. The tran- 
soms, or cross-ties, are placed at intervals of from 
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10 to 15 feet, under the longitudinal timbers. On 
some other railways, the plan of the Great Western 
has likewise been adopted on small portions of the 
line. * 



CONTINUOUS BEARINGS ON CROYDON RAILWAY. 

Another plan of iron rails laid on longitudinal 
timbers has been most successfully tried on the 
London and Croydon and other lines. On the 
New Orleans railway a similar . form of rail has 
been adopted ; and on some of the American rail- 
ways the same form of rail has been used, fixed 
differently, namely, with clamps, driven into the 
longitudinal wooden sills. 

Fig. 35. is a section of the broad-based T rail, 
made in 15-feet lengths, which has been used 

on the London and 

Croydon railway. 

The rails are laid on 

longitudinal timbers, 

with a scantling from 

1 to 14 inches broad, 

%9 ' " by 5 to 7 inches thick. 

These are fixed to cross sleepers of wood 9 feet 

in length, with a scantling of 9 inches by 5 

inches, and secured by half-inch spikes, 9 inches 
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in length. A layer of felt is placed between the 
iron rail and the longitudinal sleeper; and the 
former is firmly screwed down by half-inch 
screws, 4£ inches long, and bolts, with a head 1 
inch in diameter, placed at intervals in pairs, 19 
inches apart. At the joints, four screws are put in, 
near each other. The heads of the screws are 
countersunk in the inner flanch, and are 4 
inches long. From the low vertical section of this 
rail when compared with those placed on chairs ; 
and from the base resting on continuous wooden 
sills, it possesses both strength and stability. This 
plan, of laying the rails upon the solid timber, is 
an excellent one ; and this railway affords, per- 
haps, the best example in the United Kingdom 
of a smooth and elastic rail, with absence of noise 
and sufficient stability, as the rails are so bound 
together that they cannot easily get out of gauge ; 
while the wear and tear in working must be dimi- 
nished, and corresponding safety increased. 

The form of rail here adopted, though remark- 
ably free from friction, and affording ample room 
for the flanch of the wheels, does not seem to 
present any superiority to the bridge form on 
the Great Western, were the latter placed in a 
similar manner on the solid timber, although some 
may fairly consider that the squareness of the 
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flanch of the wheel, on the Great Western, to 
suit the bridge rail, is no advantage ; but, on the 
contrary, increases the amount of friction. 

A part of the Birmingham and Gloucester rail- 
way has been laid on longitudinal sleepers of 
American pine, in various lengths, with a scantling 
of 13 by 6 inches, connected by ties, 7 feet 2 
inches long, with a scantling of 7 by 3£ inches, 
being half-round logs; the chairs being secured 
by strong screwed bolts. 

Fig- 36. is fhe section on a large scale of what 
is called a shallow parallel rail, 
laid down on part of this line, at 
56 lbs. weight per yard. 

Part of the Manchester and 

Bolton railway is likewise laid 

on continuous bearings of wood, 

^ nt> or half-baulks, set a little dia- 

Fig 36 m 9 

gonally, with cross sleepers 
beneath the longitudinal timbers, as on the pre- 
ceding line, with rails of the same form. On the 
Dublin and Kingston, and other railways, con- 
tinuous bearings of wood have in portions been 
laid, but with a flat-based parallel rail, the rails, 
as previously noticed, being set in chairs. 

Iron edge-rails have also been tried in this 
country, on continuous stone blocks, instead of 
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timber. On the Bolton and Preston railway, on 
which the works are laid in this manner, they are 
5 feet in length, and 2 feet in width, and the 
blocks are imbedded in brick sleepers. On part 
of the Leeds and Selby railway, where a con- 
tinuous line of stone blocks is placed under each 
rail, they are 3 feet in length, 1 foot "deep, and 
16 inches wide: the four lines are kept together 
by means of iron ties, running from one side to 
the other. This plan of railway, when the stones 
have a solid foundation, must be a very durable 
mode of construction: but where continuous 
stone blocks have been used, the harshness and 
rigidity have been found too great for heavy loads 
passing with rapidity, the impulse being much 
more severely felt both by the carriages and 
machinery : hence this plan has not been extended 
in this country. It is more than probable, how- 
ever, that iron rails, laid solid upon continuous 
bearings, will ultimately be extensively adopted ; 
and that, from their many advantages, the public 
opinion will be extended in their favour. There 
can be no doubt that the smoothness and less nois e 
of the carriage evince a more easy working, and 
less friction and jolting of the machinery. A fair 
comparison can be made between the London and 
Croydon and any line laid upon other bearings. 
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There does not appear on the Great Western, or 
other lines laid with continuous bearings, to be 
much, if any, diminution of the oscillating or 
rocking motions of the carriages. On the Great 
Western, this may or may not be influenced by 
the gauge; but, at all events, there is a freedom of 
that jolting and harsh grating noise so apparent 
on some lines. The great point, however, even 
more important than the smoothness of motion, 
is preventing the rails being thrown out of gauge ; 
and railways constructed like the Croydon, with 
cross sleepers or transoms at close intervals, must 
afford a very effective security. However, even 
on bearings thus laid, much will depend upon the 
solidity of the railway, and the ballasting and 
packing, although it must be self-obvious, that when 
the longitudinal timbers are framed together, it 
affords more certainty of stability than when rails 
are placed on separate blocks, and sleepers easily 
influenced by concussion, and even by the weather, 

FLANCH OF THE WHEEL. 

Having described the different forms of iron 
rails now used on railways, it may be useful here 
to notice the flanch of the wheel, upon the adap- 
tation of which to the rail depends the diminu- 
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tion of friction, rapidity of motion, and retention 
of the carriage on the rails, especially at high 
speed. 

Since cast-iron wheels were introduced for coal 
waggons, various improvements have been made 
on them. The first was the mode of case-harden- 
ing the rim of the wheels, for which a patent 
was obtained by Messrs. Loch and Stephenson. 
Cast-iron wheels were next made with wrought- 
iron tires. Mr. George Stephenson obtained a 
patent for a wheel having a cast-iron nave and 
rim, and hollow iron spokes. Since then, Messrs. 
Jones of London have obtained a patent for 
a wheel with wrought-iron spokes and rim, 
which is getting much into use in London for 
carriages on common roads, and has been used 
successfully on railroads. Mr. William Loch 
obtained a patent, in 1830, for a wheel with 
wrought-iron spokes and rim. This wheel has 
been extensively used on railways. Previously 
to this patent, the wheels of railway carriages were 
much used with cast-iron rims, hooped with 
wrought iron; but now wheels are generally formed 
entirely of wrought iron, except the nave. Cast- 
iron wheels are, however, now rarely used for 
carriages, except when drawn by horses; for rapid 
speed they can never be made use of with safety. 
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Mr. Loch obtained another patent in October, 
1842, for further improvements on wheels of 
railway carriages. 

The flanch of the wheel is that part of it which 
constitutes one of the most important points con- 
nected with railways: and in railways where 
curves exist, which is the case on almost every 
railway, the adaptation of the flanch and the cone 
of the wheels to the form of the rail increases in 
importance : the flanch is commonly made about 
one inch deep, slightly bevelled off from the 
inner side to the outer, in order that, when the 
wheel is running in a direct line, the edge of the 
flanch may be kept about an inch clear of the rail, 
or from coming, if possible, in direct contact with 
it. To effect this object, the tire of a wheel about 
4 inches broad is usually made in a slight degree 
conical ; in a wheel 3£ inches broad, the inclination 
on the tire is 1 inch in 7 ; so that the diameter of 
the whole wheel is greater by 1 inch at the flanch 
than at the outer edge. By this adaptation, and 
the slight convexity, the range of contact between 
the wheel tire and the rail is very much restricted, 
which necessarily causes its wear. To get the better 
of this, in a certain degree, it has been the practice 
with some engineers to give a slight degree of 
inward inclination to the rails, in order that the 
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surface on which the wheel acts may be enlarged ; 
although it is obviously apparent, that the greater 
the extent of surface which comes in contact, the 
greater must be the friction on the point of in- 
clination of the rails: engineers, however, differ 
much in opinion. 

On the London and Birmingham, the inclina- 
nation of the rails is stated to be § of an inch in 
11 inches, or about 1 inch in 29 inches; and on 
the Great Western, as already noticed, about 1 
in 20 inches. On the latter railway the flanch of 
the wheel has much less bevel than on common 
railways : this arises from the peculiar form of the 
rail itself: to adapt the carriage-wheel to it, the 
edge of the flanch is -flat and square instead of 
being made thick and bevelled. 

On one railway, the Eastern Counties, where 
the carriages have run several times off the rails, 
occasioning very serious accidents, it has been 
ascribed to the improper application of wheels 
with flanches not bevelled, or sufficiently deep, 
but thin and shallow, of the same form as the 
Great Western, to rails of entirely a different 
shape, viz. the common parallel rail. If this is 
the fact, it must have proceeded from mistake, or 
ignorance in respect to the proper adaptation of 
wheels to suit the form of rails; for one can 
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hardly conceive it possible that carriages with 
defective flanches would for one instant be per* 
mitted to run, endangering the lives of hundreds. 
Indeed, the official report by the Company, on the 
recent railway accident, ascribes it "to the defect- 
ive joint of a rail being caught by the flanch of a 
wheel of the engine, the flanches not being adapted 
for the Eastern Counties' railway, and that the 
engine would not again be used until the flanches 
had been altered." 

In order to attain greater command over the 
retention of carriages on the rails at high speed, 
some persons have considered, that were the 
flanch made deeper, the liability to run off would 
not be so great, as a broad flanch must retain the 
wheels better; for the same jolt which would 
throw them off in the one case, would retain them 
in the other ; and thus half an inch more flanch 
would prove a great additional security. The 
deepening, however, of the flanch, as rails are com- 
monly used, would be attended with some practical 
inconveniences. This, however, is a point of vast 
importance; but the solution of it can be best 
attained by experiment. Others have considered, 
that by increasing the number of carriage-wheels, 
the risk of running off would be materially 
lessened. The usual number of wheels is, six 
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for the engine, and four for the tender and car- 
riages. The Great Western Railway has, however, 
in general, used six wheels, both for engines and 
carriages; which, although it may increase the 
amount of friction-surface, has the obvious ad- 
vantage, that if an axle breaks, the carriage would 
still continue on the rails. Mr. R. Benton of 
Birmingham has a patent for deep-grooved iron 
rollers, to be placed under the engine-frame or a 
leading carriage, within and close to the front 
wheels, upon which the carriage would fall, if the 
wheel runs off the rail, or were an axle to break 
on a four-wheeled carriage. Should this plan 
prove efficient, it might be extended by providing 
every carriage with rollers, as the expense would 
be small. 

Sir George Cayley suggests, in a letter in the 
" Mechanics' Magazine," that the front wheels of 
engines should be provided with three or more 
grooves, capable of running on the rails, to prevent 
the engine from being thrown off, in the case of 
any obstruction which causes the engine to "jump." 
By this means the engine could be kept in its right 
course till the train could be stopped. But the 
suggestions are indeed so numerous on this head, 
that it is impossible even to notice them. Most 
of them labour under the disadvantage of want of 
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experimental application, by which alone can their 
utility be tested. Amongst other proposals, is 
one to have double-flanched wheels, at least for the 
engine ; which would have the effect of retaining the 
wheels on the rails, even were the flanch of the 
fore wheel raised from it; and by this means 
the engine would be restrained from leaving the 
rails. 

Some have attributed the liability and fre- 
quency of carriages running off the rails, not to 
the want of depth in the flanch, or even imper- 
fection in the rails, but to the centre of gravity 
of the engines being too high, which increases the 
oscillation. 

Professor Melson and Mr. G. Heatin of Bir- 
mingham ascribe such accidents to the neglect 
of the accurate balancing of the revolving parts 
of the machinery, which occasions the violent 
oscillations, the jerking, and leaping motion on 
the rails. They have tried a number of experiments 
on the effects produced from the want of equa- 
lisation in the system of rotatory machinery : they 
propose to counteract the bad effects by counter- 
poising the weight of cranks and connecting-rods, 
&c, by means of a contrivance to balance the 
machinery, and so produce a smooth and equable 
motion. 



CARRIAGE, AXLE, AND BEARINGS. 97 



CARRIAGE, AXLE, AND BEARINGS. 

The axles of carriages is another point con- 
nected with railways deserving of much con- 
sideration; and consequently many improvements 
have been made on them in recent years. Com- 
paratively few accidents now happen from break- 
ing of an axle ; but when it does occur, the most 
serious consequences may arise. The axles are 
always made of scrap or malleable iron, of the 
best workmanship, and about 3 J inches in thick- 
ness ; but the engine axles are much stronger than 
those of the carriages. It is of course well known 
that the principle of fixing the wheels of railway 
carriages is the reverse of that of carriages on 
common roads. In the latter, the wheel revolves 
on the axle ; whereas, in the former, as the wheels 
are guided by the flanches, and the carriage does 
not require to turn round, the wheel is securely 
fixed on it. In the nave of the wheel of railway 
carriages a square hole is bored out, to get a more 
perfect fit, and the end of the axle is wedged 
fast into it. The bearings in which the axle 
turns are in common waggons placed inside the 
wheels, when these are outside the frame-work ; 
but, by the improved plan, the bearings are placed 
H 



98 CARRIAGE, AXLE, AND BEARINGS. 

outside the wheels. The latter plan admits of a 
greater width of the frame-work of the carriage, 
from being elevated above the wheels. This plan 
is therefore generally adopted for railway carriages, 
although it has the effect of making the centre of 
gravity higher than by the other plan. It presents, 
however, an advantage over the plan of having 
the journal or bearing inside of the wheel, that 
less friction is created, as the journals of wheels 
3 feet in diameter, may be reduced from 3^ to 
2\ inches; thus the latter will present a much 
less surface in contact : the journal of the axle 
is always turned with the utmost accuracy, as the 
least inequality is productive of serious con- 
sequences. The outer end of the journal is 
swelled out in diameter with a collar to keep the 
axle, when in situ, from moving laterally or 
outward. A brass bush, in which the axle can 
turn with facility, is fixed in a cast-iron chair or 
box, made in two pieces to embrace it, and when 
so placed they are bolted together. The chair or 
box is then firmly fixed to the framing of the 
carriage. 

When concave springs are used, which are most 
common in railway carriages, the centre of the 
spring rests on the top of the chair, and is 
fastened to it by the same bolt which fastens the 
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chair together. Vertical plates of iron, or guides 
embracing the chair, but allowing action for the 
spring, are fixed to the side of the framing of the 
carriage, and work within the projecting part of 
it. As it is important that the guides should be 
fixed in such a manner that no working can take 
place, they are firmly stayed with iron connecting 
bars and a cross bolt between each stay. 

An ingenious contrivance has been provided 
for lubricating the axle of the carriages, which, 
from the rapidity of motion, is rendered con- 
stantly necessary; a small chamber or box is 
made directly above the bearing of the axle, 
having a small hole at the bottom, through which 
the matter percolates upon the journal when the 
axles get in the least degree heated. The box is 
filled with a kind of ointment, about the consistence 
of butter, made of tallow, palm oil, sulphur, &c, 
by means of a lid which lifts up, outside the 
wheels, with a spring to keep it closed during the 
motion of the carriage. The lubricating matter 
is commonly made by the railway companies ; but 
several patents have been taken out for different 
compositions for this purpose. 
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From the speed at which carriages on railways 
now move, and the number of carriages which are 
necessarily linked together, and the jerks and 
shocks they are liable to when stopped or put 
in motion, great strength of frame is not only 
necessary to prevent their being injured, but 
such an adaptation of springs as to modify the 
effect of the concussion, prevent the carriages 
from striking hardly against each other, and to 
extend the shock gradually over the whole train ; 
an elastic yielding throughout the train, there- 
fore, becomes necessary. By the plan of con- 
necting the carriages by means of iron bars the 
whole becomes as one, and hence one blow, 
or jerk, is felt simultaneously; but as every 
change of motion must produce a shock through- 
out the train, and the more violent according to - 
the velocity, the idea presents itself, that the 
violence of the shock might be prevented by a 
series of springs. Various ingenious contrivances 
have accordingly been made for this purpose — 
most of these improving on the original plan of 
the carriages of the Liverpool and Manchester 
Railway, where the necessity of using springs 
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from the increase of speed became the more ap- 
parent. From carriages on railways requiring 
nearly a straight-forward motion, an arrangement 
of the springs was obviously wanted to meet the 
direct tractive force, viz. one class of springs to 
relieve the body of the carriage from the jolt of 
the axle, and the other to resist the transmission 
of direct concussion. As the frames of the carriages 
on most railways usually project over the wheels 
to obtain greater width of body, the lowness of 
the wheels and carriages, and weight of the 
latter, in a great degree lessen the imperfection 
of such a plan, and the risk of overturning. The 
frame of the carriage is usually made to rest on 
elliptic lapped springs, which are supported upon 
the iron chair of the axle of the wheel. The 
springs formerly were often placed above the 
frame of the carriage, which had the advantage of 
enabling the platform to be kept lower, but they 
are now usually placed under the frame. The 
springs are now made much larger and much less 
concave, than at one time ; and in the most im- 
proved carriages the lapped springs are made very 
long, and nearly quite straight : these do not rest 
on the chair axle. Grasshopper springs are used 
on some lines, but are not common. The springs 
of heavy carriages are necessarily made of great 

H 3 
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strength. The plans of carriage springs vary, 
however, considerably. 

The other class of springs used in railway 
carriages is termed buffers, which are round blocks 
or discs of metal or wood, projecting from the 
ends of carriages, commonly covered with cushions ; 
these buffers are fixed on the ends of long iron 
rods, placed under the carriages in the frame-work* 
having free motion inwards, and pressing against 
the end of an elliptic spring when subjected to 
pressure, or brought in contact with the buffers of 
the adjoining carriage. As all the buffers in a 
line of carriages, whatever be the number, are 
all made to stand directly opposite each other, it 
obviously follows, that whenever any concussion 
takes place, as the sudden stopping of a train, the 
shock, by their elasticity, is much lessened 
throughout ; these springs act equally effectively, 
whether in pulling or pushing the carriages. 




"OC3 GO" 

Fig. 37. 

Fig. 37. is the ground-plan of a carriage, which 
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may convey some idea of the action of the 
buffers : a a are the buffers ; c c the elliptic springs ; 
b b is the apparatus for drawing the carriages, 
with the small springs e e. The connection be- 
tween the carriages usually consists of a jointed 
bar of iron, which is quickly joined or separated by 
the removal of a pin, in addition to which spare 
chains are always used. 

Besides this form of spring, 
various other contrivances have 
been proposed and in use. Mr. 
H. Booth obtained a patent in 
1836 for a plan of applying 
buffers, keeping the heads con- 
stantly in contact with each 
. other by the pressure of springs 
acting on them, and by shorten- 
ing the drag-chain, and fixing 
. the carriages by draw-screws. 
Fig. 38. is a plan of the 
chain and screw shackles ; the 
drag-chain being placed on the 
hooks of the carriages, the 
screw is turned round until 
the buffer heads are brought 
together. Mr. Booth's plan of 
buffers has been adopted on several railways. 
h 4 
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Other plans of buffers have been invented to 
act with helical or spiral springs. Mr. Bergin of 
Dublin has a patent for an apparatus of this kind. 
An iron rod is made to pass from one end of the 
carriage frame to the other, and the connecting 
chains are attached to the buffer heads. The rod 
of the buffer passes at each end through a hollow 
tube, and is surrounded with a spiral spring, 
which bears against the tube, but cannot enter it. 
This invention has been applied to the carriages 
of the Dublin and Kingston Railway. Other 
forms of spiral springs have been applied, as that 
of Mr. Blackmore, to the carriages of the New- 
castle and Carlisle B&ilway ; but it would be of 
little practical utility to describe the various me- 
chanical contrivances proposed for this, as well as 
for most points connected with railway practice 
on the advantage or disadvantage of which much 
discrepancy of opinion exists : indeed there is 
little occasion to enter into a minute description of 
the construction of railway carriages, if the prin- 
ciple on which their safety of action depAds be 
understood, as they are constantly exposed to the 
observation and examination of every one. It has 
been recommended, that a more elastic construction 
of carriages, in which the axles might have suf- 
cient play to enable them to adapt themselves to 
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curved tracks would be advantageous ; and dif- 
ferent plans have been tried for this purpose. 

A plan has been suggested by Sir George 
Cayley to deaden the effect of a sudden railway 
train collision, by having a very large buffer fixed 
to the front of each engine, to be composed of a 
series of large cushions or mattresses well packed 
with elastic material. Another suggestion has been 
made, to have air-tight cylinders and pistons fixed 
to the part of the engine where the buffers are now 
placed, as the elastic property of the air would 
diminish the effect of concussion. Another sug- 
gestion has been made, to have a strong van stuffed 
with wool, cotton, caoutchouc, or some elastic 
substance, to run both in front and rear of 
trains. 



THE GAUGE OR WIDTH BETWEEN THE BAILS. 

The mechanical applications for rails and car- 
riage-wheels having now been described, the 
formation of the railway track may be considered. 
This subject is one of those things connected 
with engineering arrangements, which has of 
late years attracted much public attention, and 
on which much difference of opinion exists; 
the points of dispute will afterwards be more 
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fully considered. All that is necessary to notice 
here is, that what is meant by the railway gauge 
is the clear distance the rails are placed apart, 
measuring between the inner rims of the rails. 

In all the early-formed railways in this country 
the gauge was from 3 feet 6 inches to 4 feet. It 
was afterwards increased at the collieries to 4 feet 
6 inches, and in the course of time was enlarged 
to 4 feet 8 J inches, which now forms what has 
been termed the narrow gauge, or the standard 
British Gauge, from its almost universal adop- 
tion: this may, in a great measure perhaps, be 
ascribed to this gauge having been adopted on 
the Liverpool and Manchester line. Some few 
miles of railway in Scotland, as the Dundee and 
Arbroath line, were at first laid down at a gauge 
of 5 feet 6 inches, but these have of late been 
gradually altered to the 4 feet 8£ inch gauge. 
The Irish commissioners have adopted a gauge of 
6 feet 2£ inches on the Ulster Railway (Belfast 
and Armagh, Act, 1836); and on the Dublin and 
Drogheda line the gauge adopted has been 5 feet 
3 inches. 

On the Great Western Railway, between 
London and Exeter, 193 miles, Mr. Brunei, as is 
well known, for reasons which will be afterwards 
noticed, adopted a gauge of 7 feet, which is now 
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generally known by the name of the Broad Gauge. 
This gauge is now in the course of being farther 
extended into the heart of England, by the Act of 
last session of Parliament, for the Oxford and 
Wolverhampton Railway. It may be therefore 
kept in view, that there are only now two railway 
gauges in use in Britain — the broad, 7 feet, and 
the narrow, 4 feet 8£ inches. The relative lengths 
constructed, or in progress, as given by Mr. Harding, 
in July 1845, are — 

Narrow Gauge Railways, 

Miles. 
Completed - 1844 

In progress ... 614 

2458 
Projected - - - - 6918 

9376 

Broad Gauge Railways, 

Completed, Great Western, Bristol 
and Exeter, Cheltenham and Great 
Western, Bristol and Gloucester - 278 

In progress - - - 52 

330 

Projected - - - - 1311 

1641 

Thus making the proportion as 5 J to 1. Almost all the 
railways projected since the above date are of the narrow 
gauge. 
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RAILWAY PASSING PLACES, POINTS, AND 
CROSSINGS. 

In the railways first constructed in Britain, 
most of which were for private use in the mining 
districts, a single line of way formed the railway, 
the carriages getting off the main line when it 
was required that another train should pass, by 
means of what have been termed sidings, or pass* 
ing places, namely, a branch diverging laterally 
from off the main line for a short distance, and 
then returning to it. In these railways the rule 
was for the loaded carriages to keep the main 
line, and the empty ones to cross to the siding 
till the others had passed. The point and switch 
rails, as may be seen on the older railways, were 
of most simple construction — a short piece of the 
rail turning on a pivot. Fig. 39. represents a 
crossing rail generally used on railways of this 
description. From the 
obvious inconvenience and 
danger attending points 
* 9 ' ' and crossings, especially if 

the carriages went at any speed, various con- 
trivances were made to pass without interruption, 
or the necessity of altering the moveable piece of 
rail called a switch, which required much atten- 
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tion. The plan adopted where the traffic in each 
direction was nearly equal, was to have crossings 
of the rails laid in such a way at particular places 
that, at these, both trains diverged a little to one 
side, forming a circuitous course till they passed 
each other, dispensing with the moveable switch. 
A plan of this kind is much used in underground 
railways. Another mode is to have a spring switch 
opening to the wheels of the carriages, and allowing 
them to go on. The great object in these con- 
trivances was to avoid the necessity of manual 
labour. Fig. 40. represents one end of a passing 
place, for a single line of rail- 
way, by which carriages, pro- 
ceeding in opposite directions, 
diverge equally from each other 
at the same time. This plan 
may be worked without the necessity of moving 
the switch by the hand. The point rail at the 
one angle, and corresponding one at the opposite 
place of divergence may remain always open by 
means of a powerful spiral spring, moving back 
the point to its original position, when the carriages 
have passed, the points of the opposite angles 
being always kept shut. By another arrangement 
of the spring a contrary action may be made to take 
place, for when the moveable rail is pushed to- 
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wards the fixed rail by the wheels of the carriages 
the spring immediately closes it again. In other 
plans of crossings the passing-place simply di- 
verges to one side of the main line, and returns 
to it again, the point opening to the retiring 
carriage, and returning by a spring to its former 
position. Mr. 1ST. Wood describes a self-acting 
plan adopted at the Killingworth Colliery, where 
the loaded carriages keep by the main line and 
the empty ones diverge on one side, and return 
again when the former have passed; a spring 
switch being made to open to the wheels of the 
loaded carriages, and allowing them to proceed, 
while it makes the empty ones diverge to one side. 
The spiral spring is enclosed in an iron tube, and 
connected with the moveable rail, and by an 
arrangement of the spring it can be made to act 
against the rail, and be kept constantly shut, or 
the spring may be made to act the reverse way, 
and keep it open, and press it firmly against the 
fixed rail. 

These contrivances of springs to move the 
point rails from the sharpness of the bends and 
joltings at concussion, are not so well adapted for 
double lines. Indeed, in the latter case, crossing 
places are not so much required, as a train re- 
quires only occasionally to deviate into a passings 
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place, and the more seldom the better for safety. 
The point rails on lines for locomotive engines 
are considered to be more safely worked by the 
hand ; it has, therefore, been properly viewed as 
a matter both of prudence and of necessity, that 
railways constructed for quick speed should have 
a double line of way. A single line for such 
purposes has, with a few exceptions, therefore, been 
almost entirely done away with ; and it is now a 
rare circumstance in this country even to find one 
proposed, notwithstanding the temptation to adopt 
single lines from their less expense ; although, as 
has been previously stated, many of the lines in 
America, one of them said to be of great length, 
have merely a single line of way. 

In a double line of railway one of the lines 
is termed the up-line, and the other the down- 
line, the up-carriages invariably keeping on the 
one line, and the down-carriages on the other. 
When a quick train has to pass a slow train, 
going in the same direction, the latter has to go 
off the main line to a siding-place, and places of 
this kind and crossings are provided at different 
points of the line, or at stations. At most of the 
termini of railways four lines are laid down with 
crossings; and turn-tables are provided for the 
facility of changing the carriages on the lines. 
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Fig. 4 1. is the plan of a common crossing, running 
obliquely across a double line of rails. The angles 

are shown, more acute 
than they are in reality 
made, for sharp angles 
could not be worked 
Fi *' 41 ' with safety on rail- 

ways, owing to the great shock in passing, creating 
a liability to throw the wheels off the rails. The 
angle of railway crossings for great speed should 
not be more than from 2 to 2| degrees, but for 
slow speed the angle is commonly 6 to 7 degrees. 
At the points of intersection of the rails grooves 
are provided for the flanches of the wheels, and 
guard rails are placed within the line, to kfeep the 
inside flanch from getting off the rails. So im- 
portant for railway safety is the setting of the 
switches, as the least neglect may occasion the 
most serious accidents, that some railways have a 
signal apparatus affixed to them, which indicates 
to the driver of the train as he approaches the 
exact position of the switch. 

The method in use of moving the cross- 
ing points on railways is much the same as that 
first adopted on the Liverpool and Manchester 
line. Two cast-iron plates about 9 feet in length 
are fixed on the blocks or sleepers, and have a 
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single moveable rail on each plate, turning, at 
one end, a few inches on a joint or centre. The 
butt-end of this meets two rails (a little separated), 
which also rest on one end of the plate. The 
two moveable pieces are connected together by 
an iron rod which moves them laterally to each 
side of the fixed rail, so that in an instant 
the train can be diverged off the main line. 
Another plan acts the reverse of this ; it is a loose 
rail in the common way, turning on a joint, and 
the sharp end of the point carries onward the 
carriage wheels on the intended track. Two 
short pieces of both the moveable and fixed rails 
are placed upon a cast-iron plate. 

On railways where steam power is adopted, 
the moveable points are worked by means of a lever 
and connecting-rod, the handle coming through 
a square cast-iron frame placed on the ground 
clear of the rails : by the simple drawing back the 
lever, the point is moved ; and when the attendant 
slackens his hold, the point returns to its original 
position. 

Instead of the square plate, the plan on several 
railways is to connect the turning-rod with a 
small cast-iron pillar, firmly set up. A vertical 
spindle, passing through it, turns in a socket at 
the lower end : near the bottom of the spindle a 
I 
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sheave is placed horizontally, fixed on a false cen- 
tre, with an iron ring working round the sheave, 
forming the common eccentric motion : from one 
side of the ring a horizontal rod is connected by 
means of screws with the rod which turns both 
the points or loose rails. The apparatus is entirely 
enclosed, and nothing except the pillar and handle 
is seen. The whole of the Great Western Rail- 
way is provided with very neat pillars of this 
kind. Examples of the arrangement of the cross- 
ings at the termini of railways may now be seen at 
almost every large town. At the Euston Square 
station of the London and Birmingham line, four 
lines of rails are laid down, as also at the goods' de- 
pot, about two miles distant, between Camden Town 
and Chalk Farm bridge, near the Primrose Hill 
tunnel. At the latter place the general arrange- 
ment of railway crossings may be seen, and the 
danger which so obviously and necessarily attends 
them, both the up and down lines being inter- 
sected; eight or ten crossing-points or switches 
are seen from Chalk Farm Bridge within the 
space of a few yards; and as all these require to 
be set and turned by the hand to put the trains 
on the right track, one may easily conceive the 
vigilance and care requisite in their management, 
notwithstanding the facility with which, from the 
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apparatus already described, they can be changed. 
Perhaps there is nothing connected with railway 
practice in which more imperfection exists, or is 
so fruitful a source of danger. So much so is 
this the fact, that many engineers have long con- 
sidered that there never can be entire immunity 
from risk at these crossings until there be intro- 
duced a self-acting switch or points opening 
themselves by the action of the wheels of the car- 
riages. From the rapid speed, however, of railway 
trains, any contrivance for this purpose must be 
attended with practical difficulty. Although, there- 
fore, there is considerable risk from the neglect of 
these when opened by hand, still there must be a 
confidence given to the driver as he approaches 
(which he would not feel from the former plan, 
from the apprehension as to the derangement of 
the apparatus), in daylight, to find the turn-point 
at his station, and at night, that the signal indicates 
that the points are properly set. The danger 
arising from these not being rightly placed must 
be apparent, when it is considered that the least 
neglect might send a train diametrically the oppo- 
site way intended. It must likewise be equally 
obvious that the fewer crossings used, the safety 
must be the greater ; and when crossings do exist, 
they should not intersect the main line of transit. 
* 2 
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The danger attending the intersections of the 
main line is fully illustrated at the Camden Town 
station. The goods' station lies to the right of 
the main line (going out. of London) ; hence lug-» 
gage vans have to cross the down line before they 
can get on the up line : they are consequently 
always liable to be run into by the down trains, 
from the least derangement of time, as lately hap- 
pened, and was productive of fatal consequences. 
The danger arising from an arrangement of this 
kind must be apparent, and could be removed at 
a little inconvenience, by separating entirely the 
up and down goods' departments, and making 
one set of warehouses, from which the down 
goods proceeded at once upon the main line, 
and another set of warehouses in which the up 
goods should be received without having diverged 
from the main up line, thus preventing the lug- 
gage vans crossing the lines : had such an at- 
rangement been in existence the late accident 
could not have happened. 

An accident has just occurred from the same 
cause at the Bristol terminus, where a train from 
Gloucester ran into the Exeter luggage train, 
while the latter was passing from the Bristol and 
Exeter to the London line, and seven trucks were 
smashed to pieces. In lines therefore worked 
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with locomotive engines, where great traffic ex- 
ists, were the goods' department to be entirely- 
separated from the passengers' one, both safety and 
convenience would be consulted. This, indeed, 
could only be at first done by much additional out- 
lay, and made perfect by forming perhaps a third 
or even a fourth line of rails, the goods' traffic 
being entirely confined to the lines made for it. 
Indeed, from the difference of speed adopted 
with different trains, such a plan as this seems 
the only one to avoid the danger of collisions by 
trains being run into. Were a third line of rails 
formed at every railway where express trains are 
allowed to run, to which they were confined, 
great additional safety would be given, as pass- 
ing-places must be ever attended with much 
uncertainty. 

A very opposite view to the above was enter- 
tained by Mr. F. Wishaw, as to the means to pre- 
vent collision, and at the same time enable railways 
to be formed at little expense. He proposed to 
have only a single line of way throughout, what- 
ever be the amount of traffic; and to start at 
every hour in the day from terminal and prin- 
cipal intermediate stations, exchanging the trains 
by means of turn tables. This singular scheme 
he termed the reciprocating system ; but from 
i 3 
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its inconvenience, and the vigilance of manage- 
ment required for working such a plan, it is not 
likely to be adopted. 

TURN-TABLES. 

Those very dangerous crossings which exist on 
many lines should, if possible, be removed, where- 
ever locomotive power is employed ; indeed, they 
are not in general necessary, especially near 
stations, as the goods' warehouses are usually built 
at the final terminus. The heaviest carriages are 
easily moved from one line of way to another by 
means of the useful and clever invention called 
the turn-table or plate. This consists of a circular 
cast-iron table turning round upon rollers, having 
four iron rails formed on it, placed at right angles, 
of the same gauge as that of the line, and set to 
the same level ; when the carriage passes on to the 
table, it is wheeled round, and may either be en- 
tirely reversed, or, by turning it a quarter round, 
so as to be at a right angle with the line, the 
carriage may be run on to another line of rails. 
The tables can thus transfer a single carriage in 
a short space of time from one track to another, 
or add it to, or take it from, the train ; or an 
engine can be entirely reversed in a few minutes. 
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Fig. 42. Plan. 



Fig. 43. 



Section. 



The turn-plate (Jigs. 42. and 43.) is constructed 
by making a circular hole, built with masons' work, 
of the size to recefve the table, from 10 to 12 or 
more feet in diameter, according to the gauge of 
the rails and length of the carriages; those of 
the broad gauge being much larger in diameter 
than the narrow. On the floor of this pit, eight 
or more stone blocks (Jig. 43.) are placed round 
the circle, and on these, cast-iron chairs are fixed, 
in a similar manner to those used for rails. In 
these chairs an iron circular ring, about 2£ inches 
broad, is laid, with the outer edge of the upper side 
slightly inclined downwards, and on the under side 
of the table there is another ring of the same 
i 4 
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diameter; between these two rings Iron rollers 
revolve, the under side of which has a bevel 
corresponding to the lower ring. These rollers 
are turned round by means of iron arms, which 
radiate from a centre ring embracing a vertical 
spindle. The arms pass through the middle of 
each of the rollers, and are firmly fastened to them* 
The intention of the rollers is to carry the weight 
of the table, and to move it easily, as the under 
ring of the table turns upon their circumference. 
The table is kept in its position by the centre 
spindle, turning with it on a socket, but not sup- 
porting the weight. There is an outer iron ring 
the same diameter as the table, and forming 
(should the platform be made of timber) an edge 
to it. This ring is raised above the level of the 
arms of the rollers, and within it the floor is placed 
upon which the rails are laid. The platform of 
the table is, however, generally now made entirely 
of cast-iron, with rails raised on its surface. A ring 
of corresponding diameter surrounds and forms a 
margin to the table, and the ends of the rails of 
the line of way rest on it, and abut those on the 
turn-table. 

To describe the numerous mechanical con- 
trivances connected with railways would fill 
volumes. One, not the least interesting, is the 
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Water-crane, which consists of a cast-iron pillar, 
through which the water passes, having a hose to 
supply water to the engine : they are planted on 
different parts of the line. These cranes revolve 
on a centre, to hring the hose to the tank, and to 
be turned from off the line when not used ; and 
means are taken to prevent the water freezing. 
The mile-mark is another useful contrivance on 
railways, by which every quarter of a mile may 
counted, and the rate of speed ascertained by the 
travellers. 

DESIGNING A LINE OF RAIL WAT. 

Having now described the mechanical contri- 
vances required to form the track of the railway, 
(and it may have been observed how much skill 
and perseverance have been displayed in bring- 
ing these to the maturity they have already 
reached,) the formation of the line may be 
shortly considered, although it is foreign to my 
purpose to enter into minute details, or a dis- 
quisition on this branch of railway practice. 
However, a synopsis or condensed view of a 
subject in which so many are interested may be 
useful. Every one, indeed, can easily have a 
general idea of the principles upon which rail- 
ways are usually constructed. It may be said, 
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without much fear of contradiction, that the great 
point to be kept in view in railway planning, 
with the amount of engineering knowledge on 
this subject already acquired, is to have a clear and 
definite view of the object for which the railway 
is to be constructed ; the motive power which ib 
intended to be employed ; and likewise a precise 
idea of the rate of speed which it would be re- 
quired generally to be worked at ; whether the 
railway is to be planned for goods as the main 
object of traffic, or whether chiefly for passengers ; 
or whether to be adapted for both purposes at a 
moderate rate of speed. Almost every point con- 
nected with the formation of a railway hinges on 
the motive power and rate of speed. 

Had such points been clearly wrought out and 
determined on by engineers, or by railway com- 
panies, before the undertaking was commenced, 
even in making surveys and taking levels, many 
examples might be given showing how much use- 
less expenditure might have been avoided. Where 
a slow speed is required, with a light traffic, diffi- 
cult gradients might be overcome even without an 
assistant engine ; and thus the expensive and 
Herculean labours might be avoided of cutting 
miles through hills or solid rocks — forming dis- 
mal tunnels and precipitous embankments. On 
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the other hand, a railway formed with the view 
of carrying out a rapid movement, and taking 
loads of goods in hourly succession, must have 
every engineering part of the line adapted to the 
working of it. Thus, the radius of a curve which 
in one case might be admissible, in the other would 
be dangerous, and must be enlarged, or dispensed 
with entirely: in the one case steep gradients 
would be of little consequence, in the other ex- 
ceedingly injurious ; while a curve placed at the 
base of an incline in the latter would be still 
more mischievous and absurd. For heavy traffic 
and great velocity the excavations and embank- 
ments must, therefore, be proportionate in width 
— the viaducts in strength — the bridges and 
tunnels in elevation and width — road-crossings 
avoided — and while the gradients are adapted 
for such increase of speed, the strength and 
stability of the rails must bear a corresponding 
proportion. 

Too often, perhaps, from overlooking these 
preliminary points, have railways been constructed 
ill adapted for the rate of speed, and weight, and 
number of the trains worked on them. Had the 
present quick rate of speed been foreseen, might 
not the steep inclines on the Liverpool and Man- 
chester railway (at Whiston, 1 foot in 96, and at 
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Sutton, 1 in 89) have been avoided, which, in 
spite of all the advantages of the increase of the 
motive power, form permanent impediments to 
rapid transit? And, in a similar manner, would not 
the curves of short radii which exist on many 
lines have been avoided ? 

In the construction of railways, the cuttings 
and excavations — that is, the formation of the 
line of way through elevations, and their per- 
foration, where requisite, with tunnels — the filling 
up of deep ravines, or the forming of embank- 
ments — are all points that evince the talent and 
skill, and test the experience, of the engineer. 
As the main object is to bring the line of way as 
near to a level as possible, by the judicious plan- 
ning of the line many thousands of pounds may 
be saved. Engineering in these days has assumed 
a new feature from bygone times. To be a rail- 
way engineer, not only requires an accurate eye 
to take up the general aspect of the country, but 
at the same time to have a clear conception of its 
geological character. The level above the sea is 
too often overlooked, and considered a secondary 
matter ; but it is all-important, as all main trunk 
lines for commercial purposes ought to have a 
branch communication with some sea-port. No- 
thing, indeed, is more common than to find 



GRADIENT DEFINED — INCLINED PLANES. 125 

people suppose the summit of an inland district 
is greatly above the sea level, when in fact the 
rise is often inconsiderable. There are, perhaps, 
not many countries, where the general trending 
of the mountains is understood, through which 
railways could not be carried. No doubt " raik 
way difficulties," as they are quaintly termed, 
which always more or less exist, are increased in 
hilly countries ; but that route, which but a few 
years ago would have been deemed impracticable, 
now presents few obstacles to engineering skill. 

In layiag out a line of railway through a 
country, the gradients have been properly con- 
sidered an important point in the adoption of the 
particular line. The word gradient, now in so 
common use, is well known to mean the propor-> 
tion of feet of ascent or descent in a mile. An 
inclined plane is of course understood to mean 
every plane which is not level ; and it is usual in 
describing railways to make use of the term in-* 
clination for ascent, as an incline of 1 in 101, or 
an ascent rising one foot in one hundred and one 
feet, which is the same as a gradient of 52 feet 
per mile. Beside the consideration of the gradients 
on the route, another principle of great importance 
to be kept in view is, to shorten the distance as 
much as possible between places to which a direct 
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communication is required. The result of ex- 
perience in railway formation has already shown 
that circuitous routes not only increase much 
the expense, but do not afford the advantages re- 
quired ; beside which, the adoption of a curvili- 
near route too often, instead of a straight line, has 
had the effect of injuring the efficiency if not the 
general safety of the line. 

The numerous plans of railways now before the 
public proceed, therefore, chiefly on the principle 
of a direct communication, and it is considered 
better for smaller towns to have a branch directly 
to the larger ones, than that a railway should per- 
ambulate a country, and diverge for their accom- 
modation, at one point at a tangent, and at another 
by a semicircle, from the straight line. 

It need hardly be observed, however, that in 
several cases it is impossible to avoid a curvilinear 
route, as in approaching domains, although there 
is no doubt that in many instances the objecting 
parties would ultimately obtain most advantage by 
permitting the straight line to have been adopted. 
Besides the advantage of having railways formed 
in direct, rather than in circuitous routes, a new 
feature seems to introduce itself into railway 
arrangements, which does not yet appear to be 
sufficiently understood : this is, the advantage of 
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having short lines of railway from town to town, 
and village to village, under local management* 
on the presumption that turnpike roads will soon 
entirely merge into railroads. On this plan the 
trunk lines proceeding in long distances would 
have feeding branches from every district; and 
one town being connected with another over the 
whole kingdom, would afford facilities of commu- 
nication the present system never could give. 

The want of having direct routes of railway 
communication fixed throughout the country has 
by many been considered an error in the railway 
system; which, however, from the number of 
lines, cannot prove any impediment either to 
general traffic or the convenience of passengers. 
In Ireland, commissioners were appointed to con- 
sider the subject of railways for that country, and 
certain lines have been proposed in conformity 
with their report ; but from the limited extent of 
railways yet formed, there is not data sufficient to 
form any decided opinion of the system. Most 
of the continental railways have been planned 
under government control, but in Britain com- 
mercial enterprise seems likely to achieve every 
object desirable in respect to railway transit, and 
multiply the lines to accommodate every district 
in the United Kingdom. 
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As, in planning any railway whatever, it is 
next to impossible to obtain a direct level, the 
object of the engineer is to arrange the gradients 
of the line in such a manner as to approach to a 
level, for nothing will tend more to the perfection 
of a railway than that the track over which the 
wheels are to run should be smooth, straight, and 
level, which arrangement is, in every instance, 
the preferable one. But as it is absolutely neces- 
sary in many localities to ascend considerable 
acclivities, and to descend again to the former or 
even a lower level, — or when one terminus is con- 
siderably elevated over another, as on the Edinburgh 
and Glasgow line, it becomes necessary to descend 
from the level of the one to that of the other. 
Engineers very naturally differ in opinion as to 
the best methods of overcoming such difficulties. 
One plan adopted has been to distribute the rise 
and fall as equally as possible throughout the 
whole line ; and another method has been to con- 
centrate these on a few steep points, and to make 
the other parts of the way as level as possible. 
The London and Birmingham railway affords an 
example of the former, and the Liverpool and 
Manchester of the latter. Some have strangely 
considered that when the line of way is undulated 
(the Hull and Selby affords an example of this 
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profile), it is preferable to a perfect level, as the 
gravity which aids the descent increases the mo- 
mentum of the ascent, thus equalising the amount 
of tractive force ; but as the amount of gain is 
however very small in short planes, this method 
of arranging the gradients of a line is not likely 
to be entertained unless from peculiar circum- 
stances. 

It is now generally admitted that, in order to 
attain an economical working line where consider- 
able deviation from the level must exist, that 
there must be some similarity or equalisation of 
the general gradients of the line; or in other 
words, that when the traffic of a railway is nearly 
the same from both ends of a line, the degree of 
inclination is of less consequence as respects the 
working expense, provided the loss in gaining the 
general summit would be compensated by the 
gain from the assistance of gravity in the descent. 
In accordance with this view on most railways on 
which a considerable summit level has to be 
reached, the plan is adopted of having a series 01 
planes gradually rising, and a corresponding 
series descending. The Grand Junction affords 
an example of this arrangement : on it there are 
15 ascending, 10 level, and 23 descending planes. 
No railway, however, constructed on this plan, 
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can be deemed perfect, without breaking a long 
inclination with intermediate level planes, as 
considerable danger must always exist from the 
momentum which a heavy load acquires in de- 
scending uninterruptedly a steep descent. The 
Eastern Counties Railway, at Brentford, incline, 
affords an example of the want of this arrangement, 
there being no level plane in the nearly three 
miles of descent ; 1 foot in 100, or a gradient of 
52 - 8 feet per mile. 

To attain the objects of railway formation now 
pointed out, from the varieties of the surface of a 
country, vast expense will often be incurred ; valleys 
must be filled up, rocks cut through, viaducts and 
bridges formed ; and even should a district be com- 
paratively level in some instances, as in the Edin- 
burgh and Glasgow line, verv expensive works in 
a short distance occur : thus the works, in this 46 
miles of railway, are much more numerous and ex- 
pensive in proportion than those on nearly the same 
level plane of 117£ miles of the Great Western. 

As these expensive works have generally been 
formed for the purpose (at least in reference to the 
Edinburgh and Glasgow railway) of obtaining * 
level way, as the ordinary gradient on this railway 
is 1 in 880, it becomes a matterof much importance, 
as regards not only the original outlay, but the 
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safety in working of the railway, whether it is 
better to adopt the plan of concentrating the fall, 
as in this case, on one steep point, or to distribute 
the rise and fall throughout the line by adopting a 
steeper class of gradients. By the latter plan, 
there cannot be a doubt, great sums might have 
been saved on railways already constructed. When 
competing lines are proposed through any district, 
in coming to the determination to give a preference 
to one plan over another, the choice will generally 
be regulated by the convenience and utility of the 
line, and that the engineering arrangements present 
no obstacles to the prospect of success. It is of 
importance, therefore, to consider whether by a 
saving of original expense in the formation of the 
line, but attended with perhaps the risk of per- 
manent inconvenience in working it, or whether 
a more expensive outlay at first to obtain a level, 
is the most advantageous plan. 



EFFECT OF RESISTANCE OF CARRIAGES ON 
RAILWAYS. 

In order to consider this question aright, 
certain facts in reference to the effect of resistance 
ctf carriages on railways must be kept in view; far 
s 2 
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it is indisputable that with the same motor ap- 
plied, the speed is reduced just in proportion to 
the ascent, until the impelling power ceases to be 
be longer available. It has already been re- 
marked that the resistance of carriage wheels on 
a common road, from friction and roughness of 
the surface, is so great that the gravity which 
operates as a constantly retarding force in mo- 
derate inclines becomes less observable ; whereas 
on the smooth surface of a railway of the best 
construction, over which the wheels glide, the 
loss of power is so much reduced in amount that 
the least departure from the level makes the full 
force of gravity or the weight of the train to bear 
against the inanimate impelling force. Notwith- 
standing the science of these times, it may be 
questioned, if the full importance of this fact in 
railway formations has been considered. But it 
brings the simple question prominently in view, 
whether it is better to take the direct course, 
though more inclined, than to take the longer one 
and keep the level. 

In considering this point, the difference between 
the tractive force exercised on a level and an as- 
cent must be estimated. Engineers have differed 
in the absolute amount of opposing force which 
carriages on railroads have to overcome before th* 
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moving power is available : one thing is certain, 
that there is in operation at all times a uniform 
and constantly retarding force, arising from 
gravity, friction on the rails, attrition of the 
axles, and the action of the wind. On a level 
plane the resistance to the draught or movement 
of the train has been estimated at 7 to 8 lbs. per 
ton. According to the experiments of M. Pam- 
bour, on the Liverpool and Manchester railway, 
8*3 lbs. was the friction per ton, or the 280th 
part of the weight. Mr. N. Wood is inclined 
from his experiments to estimate it about 9 lbs. 
per ton, or the 240th part of the weight. Taking 
the resistance to be overcome by the motive power 
on a level railroad at the lowest estimate, 7£ lbs. 
per ton, (or nearly the 300th part of a ton,) for 
every 7 feet of rise in a mile, 3 lbs. per ton would 
be added to the opposing force of traction ; so that 
14 feet of rise, or 1 foot in 337, would make the 
amount 6 lbs., and 1 in 300, or 1 7£ feet of rise in 
the mile, would double the resistance to be over- 
come ; or add 7£ lbs. more weight per ton to be 
pulled; — 35 feet per mile, or 1 in 150, would 
triple, and 52£ feet per mile, or 1 in 100, 
quadruple, the resistance to be overcome, and so 
on. Taking therefore the resistance which a 
train has to overcome on a level plane at the 
k 3 
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lowest estimate of from 7 to 8 lbs. per ton, a train 
of 60 tons would require a power to be exerted 
of 420 or 480 lbs. or 7 x 60, or 8 x 60 ; and keep- 
ing in view the effect of gravity, and that a plane 
of 1 foot in 100 adds one ton to the downward 
tendency, the resistance by gravity on an ascent of 
1 in 50 would be 44*8 lbs. for each ton, and for 
1 in 90, 24*88 lbs. This on 60 tons would amount 
to 1493 lbs. additional power.to be drawn, which 
increases the opposing force from 60 to 186 tons. 
And should the resistance on a level be taken at 
8 lbs., a load of 112 lbs., including carriages, on a 
level would oppose to the tractive power 896 lbs. ; 
but on an inclined plane of 1 in 135, the increase 
from the effect of gravity would be 2686 lbs. 

It necessarily follows that this increase of re- 
sistance to be overcome on an incline must be at- 
tended with much waste of power : so much so is 
this the case, that it has been estimated that to 
ascend an elevation of 20 feet, or 1 in 264, as much 
power is exerted in one mile in length as would 
draw the same load double the distance. Much loss 
of time must likewise thus obviously arise in work- 
ing up steep inclinations, even with all the ad- 
vantage a powerful motar can give, without the 
aid of auxiliary power. 

The fact being incontrovertible that every de- 
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parture from the level is attended with a greater 
exertion and certain waste of power, and that, to 
overcome it, and to preserve the same velocity as 
on a level, powerful assistance is required; in 
determining the formation of a line, the question 
resolves itself into this, — whether it is better 
to expend this waste of tractive force than to cut 
down or through rocks and fill up valleys, and 
form tunnels and viaducts. No doubt can be 
entertained that saving of expense must be a 
primary object, and there will be little hesitation 
in giving the preference to a plan by which any 
expensive works can be saved, and still the same 
safety of working preserved. The point, at pre- 
sent, is not the difficulty of ascending steep 
gradients from the great increase of power given 
to the impelling force, as will be afterwards shown, 
but it is, how far this plan can be prudently car- 
ried. This is a matter, however, that can only 
be determined by the judgment of the engineer 
in the particular route. It is for his considera- 
tion how far, for the waste of power, he can 
avail himself of the counter-balancing effect of 
gravity; and some estimation should also be made 
of the general purposes of the railway, and rate 
of speed to be adopted. There is no doubt of 
the fact, for it has been experimentally ascer- 
k 4 
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tained, that in railways formed with an equalisa- 
tion of ascending and descending planes, the 
compensatory effect has produced the same ex- 
penditure of power, as if the plane had been 
level. This result has been in part attributed to 
the diminished resistance of the air in going up 
the ascent, but unquestionably it is nearly en- 
tirely the effect of gravity increasing the velocity 
of the descent. It is, therefore, certain that 
railways can be designed to work advantageously 
with a similarity of, or equivalent, gradients, and 
it is a matter of consideration how far this system 
can be pushed. 

Beyond a certain point it cannot be carried 
with advantage, wherever the incline has to be 
surmounted by the aid of auxiliary power. To. 
the positive waste of power by the force of gravity, 
when off the level, must be added the additional 
expense and inconvenience of working the auxi- 
liary ; or when the incline cannot be surmounted 
without assistant power, still, if the effect is to 
reduce the size of the trains or the maximum 
load carried on other parts of the road — for the 
weight must be proportioned to the power — or 
to require the unnecessary expense of carrying 
forward over the line a greater tractive force 
than would otherwise be requisite; in both of 
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these cases, the formation of inclines which re- 
quire to be so worked, cannot be economical. 
The rule may be therefore laid down, that so long 
as the degree of inclination does not materially 
reduce the speed, it is of little consequence, and 
it cannot prove of much injury. There is scarcely 
any doubt that the adoption of a general steeper 
ruling gradient throughout a line would, in some 
cases, have been attended with advantages, and 
would be often preferable to descending very pre- 
cipitous inclines to reach a level. The question, 
however, as to the degree of inclination which can 
be adopted with prudence and safety cannot be 
properly judged of without taking into consider- 
ation the effect which the descent has upon the 
carriages, as well as the ascent. This brings into 
view what has been properly termed the angle of 
repose, — which means, when the wheels of a 
carriage will stand upon an incline without slip- 
ping, or the point where the gravity and friction 
are equal. This angle was long taken at about 
1 foot in 280, or a plane inclining at the rate of 
18 feet 10 inches per mile, if the friction of a ton 
on a level was taken at 8 lbs. ; or, the inclination 
of 1 foot* in 320, or 16 feet 6 inches per mile, if 
the friction was taken at 7 lbs. From recent ex- 
perience it appears that the views formerly enter- 
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tained of the practical effects of railroads were 
not sufficiently understood ; for though the angle 
of repose may be correctly applied to some car- 
riages, on others it has differed; for while one 
carriage has been found quiescent on an inclina- 
tion of 1 in 280, one engineer states that he has 
known a carriage to run down an incline of 1 in 
330 at the rate of 4 miles an hour, acquiring a 
velocity of 8 miles. It was also thought that, at 
a speed of 40 miles an hour, the angle of repose 
would be the same as if the speed were different ; 
but it has been found that, instead of the angle 
being invariably the same, 1 in 250 or 280, it 
necessarily increases. The velocity acquired by 
a train in descending a plane increases in an equal 
ratio as the resistance of the ascent ; for, accord- 
ing to the laws of inclined planes, the resistance 
or weight increases as the perpendicular height of 
the plane is to its length. Thus is at once per- 
ceived the danger which is always present in 
going down a rapid descent, and the care and 
attention necessary for safety to regulate a uni- 
form velocity. The importance attached to the 
regulation of this velocity could not be over- 
looked, even in arranging the gradients of any 
railway ; hence portions of the lines, at either end, 
called the " Terminal plane," are usually made on 
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a slight ascent to the terminus, to check the velo- 
city of the engine when arriving, and also aid the 
motion of the train when starting. 



BREAKS. 

Where very steep inclines exist on railways, a 
powerful drag or break is requisite to stop the 
carriages in case of an accident; and often 
very serious ones have happened under the 
stationary engine system. Many plans of breaks 
have been devised to retard the descent of the 
trains, both on inclines worked by stationary and 
locomotive engines. Heretofore all these breaks 
have been made to act, whether moved by the 
action of the steam power, or by the hand, on the 
vertical principle. The break, consisting of a 
block of wood bolted to an iron plate fixed to a 
connecting rod, is placed on the inside of the 
outer frame of the carriage, having a single or 
double lever working on a fulcrum, and when the 
handle is pressed outwards or screwed down, the 
connecting rod presses the face of the break 
against the carriage wheel. 

Mr. R. Benton, of Birmingham, has lately 
taken out a patent for a very powerful and 
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apparently effectual drag, which operates in a 
lateral direction against an independent fulcrum 
purposely prepared on the outside of the lines of 
rails, which, in the opinion of many machinists, 
is capable of stopping or regulating the progress 
of a train in any circumstances. Whilst, there- 
fore, a self-acting drag is most desirable in railway 
transit, there can be no greater error in the con- 
struction of a railway than to have very steep 
inclines, which should require its action, and every 
care ought to be taken to avoid them. 

Among other contrivances, a self-acting drag 
has been proposed by Mr. Thornton. He pro- 
posed a rope to tow the carriages connected with 
the engine, and that the guard, by means of a con- 
trivance for the purpose, shall cast loose the rope, 
and that no sooner will this take place than the 
break will press on the carriage wheels so as 
shortly to stop the train. 

A good deal of interest was lately, November, 
1845, created in Farringdon Street, London, by 
the exhibition of a very simple break, which may 
be applied to the wheels of railway and of com- 
mon carriages, and of other machinery, stated 
to have the effect of stopping a train (without 
the slightest reference to the speed) almost im- 
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mediately. The patent for it belong3 to the 
Rev. Mr. Maberley, of Stowmarket. 



RAILWAY GRADIENTS. 

From the preceding observations an opinion may- 
be formed of the advantages or disadvantages at- 
tending the system of adopting steep gradients, 
and of keeping as near as possible to the level and 
straight line. There can be little doubt, the more 
the subject is investigated, that the latter will be 
found the true principle of railway formation, both 
for safety and utility ; and when gradients can be 
brought not to exceed 16 feet per mile, or 1 foot in 
330, the railway, although at first more expensive, 
will ultimately have the fewest drawbacks. In 
many cases this cannot be attained ; and it is pro- 
per to state that some engineers have considered 
making this gradient the maximum not always 
desirable ; and there are many examples of rail- 
ways which have been successful with steeper gra- 
dients. The North Union railway illustrates the 
saving with which this system can be attended. 
It may be useful to observe the gradients which 
have been adopted on particular lines. For facility 
of arrangement, gradients have been divided into 
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heads, under which existing railways are simply 
classed. 

Mr. F. Wishaw has made the following classi- 
fication of railways : — 

1st class of gradients, where the minimum 
rising of the line of way is 16 feet per mile, or an 
inclination rising 1 foot in 330. 

2nd class gradients, where the minimum rising 
is 52*80 feet per mile, or an inclination rising 
1 foot in 100. 

3d class gradients, where the minimum rising 
is 88 feet per mile, or an inclination rising 1 foot 
in 60.* 

According to this arrangement, the following 
railways would be classed : — 



* Mr. Wishaw gives the following places in London, by 
which the degree of inclination may be judged : — Greatest 
rise of Holborn Hill is 1 foot in 14J, and the average rise 
1 foot in 24. The greatest rise of Blackfriars Bridge, 1 in 
16£ ; ditto London Bridge (Surrey side), 1 in 27 ; upper 
part of City Road, 1 in 40 feet, or about 128 feet per mile. 



BAILWAY GRADIENTS. 



143 



Length 

of 
Miles. 



Name of the Railway, and prevailing Gradient. 



1st class. 
112 



48 
38 
45 
27 
193f 



56 

88 
78 

31 

31? 
46 



London and Birmingham, prevailing gradient 16 
feet, or 1 in 330, with the exception of the 
inclined plane at Camden Town, 1 in 75, now 
worked with locomotive engines. 

Midland Counties, gradients 1 in 330, 354, 389, 
420. 

Birmingham and Derby Junction, no plane 
greater than 1 in 330. 

Great North of England, from 1 in 349 to 1 in 
11,000. 

York and North Midland, prevailing gradient 8 
to 16 feet, or 1 in 660 to 1 in 330. 

Great Western, in 1 17£ miles, (with the exception 
of two inclines of 1 in 1(K), or 52*8 feet per 
mile, one at Wootton Basset, and another at 
the Box tunnel, both worked by locomotive 
engines :) there is no gradient steeper than 1 in 
344, or 15*35 feet, and this only for a short 
distance : the prevailing gradient is only 6£ 
feet per mile, or about 1 in 817 : the next gra- 
dient is 8 feet. 

London and Brighton, prevailing gradients 20 
feet, or 1 in 264, incline 1*123 to Merstham, 
to Horley 1 in 260. 

Lancaster and Preston, prevailing gradients 
about 10 feet, or 1 in 500. 

South Eastern, London and Dover, prevailing 
gradient about 10 feet, or 1 in 330. 

South Western (London and Southampton), be- 
tween first and second class, prevailing gra- 
dient about 21 feet or 1 in 250. 

Hull and Selby line, undulating gradients 1st 
class, but some second. 

Dublin and Drogheda, 1 in 267 to 329. 

Edinburgh and Glasgow, prevailing gradient 
1 in 880, with the exception of a very steep 
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Length 

of 
Miles. 



Name of the Railway, and prevailing Gradient. 



1st class. 



51 
22* 

2d class. 



60 
10 



53 



60 



25 



10* 



30 



incline at the tunnel near Glasgow 1 in 43, 
now worked by locomotive engines. (This 
railway is one of the most uniformly level lines 
which has been made.) 

Glasgow and Ayr, the steepest rise is 1 in 400. 

Glasgow and Greenock, the steepest rise is 1 in 
330, at Bishopton. 

Grand Junction, general gradients good, 1st in- 
cline 1 in 85, 1 in 100, 1 in 177, 1 in 330. 

Manchester and Leeds, average inclination 1 in 
260, steepest incline 11 82 for 6 miles. 

Manchester and Bolton, inclines 1 in 160, 200, 
239, 274. 

Birmingham and Gloucester, the prevailing gra- 
dient about 17£ feet per mile, or 1 in 300 
There are several ascending and descending 
planes of this inclination : the very steep in- 
clines at Lickey, 1 in 37 to 1 in 84, are worked 
by locomotive engines. 

Newcastle and Carlisle, 1st incline 1 in 106, one 
long ascent to summit level and descent, 1st 
incline 1 in 176, 216. 

Stockton and Darlington, gradients generally 
steep 128, 204, 233, 427, ascending chiefly 
from Stockton, worked by stationary engines, 
inclines 30, 32, 33, and 104. 

Belfast and Portnadown (Ulster Railway), pre- 
vailing gradient 26'4, or 1 in 200. 

London and Croydon, gradients good, except the 
incline at New Cross, 2$ miles to Dartmouth 
Arms, 1 in 100, worked by assistant engines. 

Liverpool and Manchester comes almost under 
third class : the inclines are 1 in 89, 1 in 96 
1 in 45 : other gradients good. 

Dublin and Kingston, the steepest incline is 1 
in 440. 
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Length 

of 
Miles. 



Name of the Railway, and prevailing Gradient. 



3d class. 
24 

16 



5 

13 

2 miles 
8 chains 



28 



North Union, 10 planes inclining at the rate of 
1 in 100. 

Leicester and Swannington, some very steep in- 
clines ascending and descending 1 in 17, 1 in 
29, worked with fixed engines ; also inclines 
of 1 in 147 and 1 in 230, &c. 

Sheffield and Rotherham, ruling gradient 1 in 
78. 

Durham and Sunderland, entirely worked by sta- 
tionary engines. 

Edinburgh and Newhaven, a steep incline in a 
tunnel 1 in 27*45, proposed to be worked with 
locomotive or atmospheric power, second plane 
1-160, third plane 1*360. 

Canterbury and Whitstable, divided into 5 
planes, some of which are inclines of 1 in 31, 
1 in 46, 1 in 50, and are worked with sta- 
tionary engines. 

Mary port and Carlisle, very steep inclines, from 
1 in 27 to 1 in 97. 

Dundee and Newtyle, inclines 1 in 10, 1 in 13, 
and 1 in 25, very steep, worked by fixed en- 
gines, and the levels by locomotives. 

Edinburgh and Dalkeith, and branches, second 
class, one half line 1 in 234, branches 1 in 69, 
and 1 in 51-i, incline at tunnel 1 in 80, worked 
by a stationary engine, the rest by horse 
power. 

Brandling Junction, worked by locomotives, and 
an inclined plane by stationary power. 

Bolton and Leigh, 2 planes 130, and P49, 
worked with stationary engines, rest of line by 
locomotives. 
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The preceding classification does not always, 
however, afford a correct idea of the working of 
the line : for example, the Liverpool and Man- 
chester, which comes under the 2d or 3d class, 
has no gradient exceeding 1 in 849, with the ex- 
ception of the two inclines near Rainhill. In the 
older railways in this country, it will be perceived 
the gradients were generally much greater than 
those of later construction : the cause of this is ob- 
vious, for they were made for the use of stationary 
engines, which was the only means then known 
to gain the summit level. Within a few years 
the stationary system has in many railways been 
disused — for gradients which were formerly im- 
practicable with any other than fixed power are 
now easily ascended with locomotives — which has 
led to the return to the plan of adopting steeper 
gradients throughout a line ; and what was for- 
merly termed a stationary engine plane, has now, 
in many instances, become a locomotive plane. 

Where fixed engines are used, the usual method 
is for the engine at the top of the incline to draw 
up the train or waggon by means of a rope run J 
ning round a drum and cylinder attached to the 
engine, while the return waggons, or descending 
train, proceeding down by their own gravity, 
carry back the rope. On other lines self-acting 
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planes were used ; or when the descending weight 
preponderated, the gravity of the descending car- 
riages drew up the ascending carriages to the 
apex of the plane — to the pits' mouths. The 
very steep inclines on the Leicester and Swan- 
nington railway are worked in this manner; 
and chiefly likewise the planes at the Ballochney 
railway in Scotland. 

The Whitby and Pickering railway, which is 
very tortuous, is worked by horse power, except 
one plane, on which a tank of water mounted on 
wheels is made to descend the steep incline by 
gravity, and to assist the ascent of the trains. 
At Brassleton fixed engine plane, on the Stockton 
and Darlington line, where there are inclines on 
both sides from the summit a single coach is 
drawn up by a rope attached to a fixed engine, 
and let down by gravity, drawing the rope after 
it. The Clarence railway is worked partly by 
horse power — the trains descending by their 
gravity — the horse returning to the bottom of 
the incline in a stable attached to the trains. The 
Canterbury and Whitstable railway was one of 
the first railways made in the south of England, 
worked by stationary and locomotive power. The 
first act was obtained in 1825 : but it was not 
constructed till 1830. The fixed engine, of 25 
l 2 
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horse power, on Tyler Hill, an incline of 1 in 48, 
will raise 35 tons at the rate of 7£ miles per hour. 
The inclinations on this railroad vary from 1 in 
31 to 1 in 50. The steep inclines on the Dundee 
and Newtyle railway are also worked by sta- 
tionary engines in a similar manner ; and on the 
Edinburgh and Dalkeith railway, for which an 
act was obtained so late as 1826, an incline of 
1 in 30, is worked by a stationary engine, the 
descending carriages carrying down the rope; 
the rest of the line is worked with horses. 
Various other railways unnecessary to mention 
are worked by means of stationary engines 
throughout the whole or part of the line. The 
Durham and Sunderland, 13 miles in length, is 
entirely worked by fixed engines. It consists of 
8 planes, varying in inclination from 1 in 60, to 
1 in 264. The power of the engines is from 42 
to 85 horses. 



CURVES ON THE LINE OF RAILWAY. 

Some railways in thia country are almost en- 
tirely curvilinear, as the Newcastle and Carlisle 
railway, already noticed, which is one continuous 
aeries of curves and recurves of short radii. Rail- 
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ways on this plan are not again likely to be con- 
structed. Several of the curves are about twenty 
chains, or a quarter of a mile radius. When 
curves are at all quick, they not only limit the 
speed of the engines, from the tendency of the 
wheels to pursue a direct course, but even should 
they be of large radii, every one must be aware 
that the probability of the carriage wheels not 
being thrown from the rails, in taking the curve, 
will depend much on the rate of velocity at which 
it is taken* The oscillation and jolting of the 
carriage is considerably increased as the carriages 
take the curve ; and so much so is this the fact 
on all railways, that a person without looking 
can tell the difference of motions in the carriage* 
Suppose that the carriage has a descent before it 
reaches the curve, such is the increase of momen- 
tum given to it, that the tendency it has to go 
in a straight-forward course, or in a tangential 
direction, is increased ; and, although the engine 
be partially slowed, every carriage comes full 
upon the engine at the time it has taken the 
curve in a direct line onward. The safety will 
therefore depend on the flanch of the fore wheel, 
and the weight of the carriages on the rails. From 
the lateral strain given to the outer rail, if it 
were the least imperfect, or to swerve, or if any 
l 3 
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yielding were to take piace — should the least in- 
equality of surface exist, or any impediment pre- 
sent itself in this dangerous position, the wheels 
by the rocking and twisting of the carriages, as 
may be seen by looking along the line of the car- 
riages, would easily be thrown off the rails. 

Curves of short radii have been too often per- 
mitted to be made ; indeed the Board of Trade 
does not require companies to state any curve of 
a less radius than a quarter of a mile : but there 
can be no doubt entertained by any person who 
will investigate the subject, that so long as rail- 
ways are used for great speed, a curve even of a 
mile may be attended with danger, which is ten- 
fold increased if allowed to exist at the base even 
of a moderate descent ; for the curve, added to the 
ascent, increases the resistance so much, that a 
curve of three quarters of a mile in radius, on a rise 
of 1 in 330, will reduce the speed to about one 
half. Many accidents have proceeded from curves 
at the base of the descent, when the high velocities 
are considered at which trains now run. 

In an accident lately on the Eastern Counties 
railway, one witness, who was standing close to 
the line when the train passed, and could easily 
perceive its action, speaks distinctly to the great 
oscillation or rocking motion of the carriages as 
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they took a curve at the foot of a moderate In- 
cline, where the rate of speed is admitted to 
he 30 miles an hour; and although the engi- 
neer states " that this curve of a mile radius, or 
48,1000th of an inch in 10 feet each way, and 
taking the curve and incline together, the latter 
being only 1 in 151," he conceived that a train 
might travel on it with safety at the rate of 35 
or 40 miles an hour ; and he therefore did not 
ascribe the engine and carriages being thrown off 
the line to the curve, or increased momentum ; 
but in his opinion it was much more likely to 
have arisen from the irregularity of the rails. 
Any one who reflects for one moment on the 
action of the wheels on the rails, when coming 
down an incline of 1 in 150, at the rate of 30 miles 
an hour, can, however, be at no loss to account for 
the accident; more especially if the least defect 
existed in the shape of the flanch of the engine 
wheels. Prudence and common sense should 
however point out that though an incline and 
curve may often be taken with safety at great 
speed, still it never can be so without great risk, 
and it should be imperative at every curve, even 
of large radii, to slow the engine. 

Some engineers put great faith in the adapta- 
l 4 
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tion of the wheels of the carriages to suit th6 
curves, and there is no doubt, were the tire of 
the wheel not arranged for curvilinear railways, 
the carriages would be constantly liable to be 
thrown off the lines : but too much reliance ought 
not to be placed in those contrivances, which have 
been previously noticed, such as giving a certain 
degree of elevation to the outer rail, varying with 
the radius of the curvature, or altering the trans- 
verse level, so as to produce upon the carriages a 
gravitating force towards the centre of the curve, 
to counteract and be equal to that of the centri- 
fugal force outwards. Tables have been given by 
M. Pambour and other engineers of the eleva- 
tions necessary to be given the outside rails, 
which arc greatly contingent on the rate of velocity 
at which the carriages run: for example, with 
wheels three feet in diameter, the gauge of raila 
4 ft. 8£ in. ; play of the wheels between the 
rails one inch ; and the inclinations of the tire 
equal to f of its breadth, or about £ inch to 
3] inches; a curve nearly one mile radius; 
speed of carriage 30 miles an hour ; the eleva- 
tion of the outer rail would require to be *60 
parts of an inch, while at 20 miles it would be 
•26. Supposing the curve J mile radius, at 
30 miles speed, it would be about *83; at 20 
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miles *36; — a curve of £ mile, at 30 miles, 
1-38; and at 20 miles -59; and 2000 feet, at 
30 miles, 1*65 ; and at 20 miles, # 71 ; and so on, 
increasing the elevations of the outer rail as the 
curve is increased. 

Other precautions are made for curves, which 
are proportioning the degree of the cone of the 
wheel to them, and inclining the rail that it may 
receive the wheel fully on its bearing surface, 
and taking care that the play of axles should 
be as little as possible, to avoid injuring the 
effect from the cone. From such provisions 
as these, to a considerable extent, the danger 
of taking a curve at a rapid speed is avoided. 
Without these arrangements the tendency of the 
wheels would be to drag or press against the 
outer rail, and from the slight hold they would 
have when the wheels were going round, the least 
jerk would upset the carriages or throw them off 
the rails. By due adjustment of the conical tire 
and flanch of the wheels, it is supposed that they 
can run in a circle of 595 feet radius without the 
flanches touching the rail. No doubt much may 
be done on curves by accurate adjustment, to 
adapt the carriages for speed in transit. For-? 
tunately, however, curves of short radius are not 
now admissible on railways, or it might happen 
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that the result of theory, instead of practice, 
might lead to many casualties. 

Where double curves exist on railways, as a 
curve and recurve, the radii should be made in 
common prudence larger than for a single curve. 
The curves at the London and Birmingham rail- 
way, between Euston Square station and Camden 
Town, and Kilburn, afford examples of curves of 
both kinds ; on these the radius is not more than 
is absolutely necessary for safety, and too small 
for great velocity. In the different railways in 
this country curves of various radii will be found. 
The curvature is now very properly made much 
larger than in the early railways ; but still the 
radius of the curve might be advantageously in- 
creased ; one mile radius should be the minimum 
on every railway for locomotive engines. 

A few examples of the radius of curvature of 
railways may be given. On the Ballochney rail- 
way the radius of curvature is only 10 chains, 
and in the Dalkeith and Edinburgh railway the 
curves are from 600 to 1200 feet, all less than 
a quarter of a mile, and some not an eighth of a 
mile ; on the Dundee and Newtyle the curves are 
about 500 feet. 
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RAILWAYS FOR LOCOMOTIVE ENGINES. 

Liverpool and Manchester, least curvature 13 chains. 
London and Birmingham, worst curve at Chalk Farm, 600 

yards, nearly T a F of a mile radius. 
Manchester and Leeds, curvilinear one, 1322 yards, 60 

chains, or -J of a mile. 
Birmingham and Gloucester, 1760 yards, 80 chains, or 1 mile. 
North Eastern, 1 curve, 51 chains, about f of a mile. 

another, 100 chains 1-} mile. 
North Midland, curve and recurving, 80 chains, or 1 mile. 
Lancaster and Preston, 20 chains, £ mile. 
York and North Midland, curvilinear least radius 55 chains, 

above f of a mile. 
South Eastern, (Dover) near Reigate, 60 chains, or $ of a 

mile. 
Edinburgh and Glasgow, 40 chains, £ mile. 
Glasgow and Ayr, nearly 80 chains, 1 mile. 
Glasgow and Paisley, 40 chains, £ mile. 
Newcastle and Carlisle, several curves at 20 chains, or a 

^ of a mile. 
Newcastle and North Shields, 40 chains, £ mile. 
Stockton and Darlington, 20 chains, £ mile. 
Stockton and Hartlepool, 50 chains, $ mile. 
Slamanan railway, 12 curves from 20 to 80 chains, a £ to 1 

mile. 
Leeds and Selby, minimum curvature, 40 chains, £ mile. 
Belfast and Portnadown, or Ulster railway, 40 chains, £ 

mile. 

From the preceding examples it may be ob- 
served that no general rule has been adopted in 
arranging the curvature, but on recent railways 
few curves of small radius have been made, and 
in future it is not probable they will be permitted* 
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From what has been stated, when curves exist 
on railways, it must be obvious their safety de- 
pends entirely upon the proper adjustment of 
levels of the rails; the rate of speed they are 
passed over, and the construction of the tire and 
flanch of the wheel. 



FORMATION OF THE ROAD. 

Before a railway act can be obtained, by a 
standing order of Parliament, not merely are the 
sections of a proposed line required, but detailed 
plans showing the extent of land to be taken, 
and the names of the owner, lessee, and occupier 
of every piece of land likely to be interfered with. 
The section or profile of the country must 
show the elevations and depressions distinctly 
marked from a base line taken from the lowest 
terminus : vertical lines show the changes of in- 
clination; and straight lines, drawn from point 
to point, show the line of railway. As the plans 
and notices of the intention to apply for an act 
must be deposited some months before the intro- 
duction of the bill into Parliament, and also a 
copy with the clerks of the peace in every county 
through which the railway passes, and a sum equal 
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to 10 per cent, of the subscribed capital must 
be deposited with the accountant-general prior 
to the presentation of the petition for the bill, 
there is time for considering the details of 
the bill; but as the preliminary point of the 
extent of land cannot be altered without serving 
fresh notices, the necessity of a thorough know-* 
ledge, before the bill is introduced, of the traffic 
and purposes to which the railway is expected 
to be generally applicable, must be at once 
apparent. Nothing more fully proves the neces- 
sity of such considerations than to look to the 
enormous expense which has been entailed on 
railway companies, not merely for the first bill, 
but for a succession of amended bills, some rail- 
way companies having as many as four or five 
acts, and almost every company more than one : 
there were five acts obtained for the Liverpool 
and Manchester in a few years, 1826, 1827, 1829, 
1832, 1837. When an act is contested the ex- 
pense is well known to be enormous: the first 
act of the London and Birmingham Railway 
Company cost 72,0007., and the Great Western 
88,0007. The London and Brighton cost, with 
a contest of fifty days, 50,0007. 

These facts show the necessity of the pro- 
moters of railways avoiding crude propositions, 
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and of fixing on precise data in arranging the 
undertaking ; and nothing is more important, as 
a preliminary point, than fixing the width of 
road and extent of land between the fencing, as 
on this will depend the width of bridges, viaducts, 
and tunnels, which cannot be altered. Another 
preliminary point is the operation of levelling,* 
which requires to be conducted with the utmost 
accuracy. As on the sections of the levels de- 
pend the calculations upon which the estimated 
cost of the railway is made up, should these be 
incorrect, the measurement of earth-works, in- 
clination of planes, and total amount, must each 
be erroneous. Engineers, to avoid mistakes of 
this kind, are careful in checking the results. 

WIDTH BETWEEN THE TWO LINES OF BAILS. 
SPACES OUTSIDE OF THE BAILS. 

The important point of the gauge or width 
between the rails having been determined for a 
double line of way — supposing it to be the nar- 
row gauge, 4 feet 8£ inches — the next thing is 

* The beautiful instruments now in use have greatly 
facilitated the taking of levels; and by the reading-off 
staff a person levelling is enabled to view the heights on 
the staff at a considerable distance. 
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to consider the proper space to allow between the 
two tracks or lines of way. On some of the old 
railways it was very narrow, and made about the 
same width as the gauge of the rails — at the 
Glasgow and Garnkirk, the gauge is 4 feet 
6 inches, and the space 4 feet 10 inches. The 
intermediate space, however, differs much on 
different lines. The intermediate space on the 
Liverpool and Manchester railway is 5 feet 
8 inches, and on the London and Birmingham 
railway 6 feet; and experience has shown that 
this width is not more than is absolutely required 
for convenience and safety, for several accidents 
have occurred from articles projecting in one 
carriage having come in contact with the car- 
riages on the other line. 

On the London and Brighton, London and 
Southampton, the Greenwich, Manchester and 
Birmingham, Midland Counties, and other rail- 
ways, the intermediate space is 6 feet 5 inches. 
On the Edinburgh and Glasgow, and North 
British, it is 6 feet. On the Leeds and Selby, 
and the Dublin and Kingston, it is about 7 feet 
4 inches. On the Ulster railway, with a medium 
gauge, it is 6 feet 4 inches; and on the Great 
Western, with the broad gauge, it is only 6 feet 
6 inches. On the Newcastle and Carlisle it is 
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5 feet 1£ inch; on the Belgian Railways, 6 feet 

6 inches. 

The proper width of the side spaces on each 
side of the railway tracks varies in a similar 
manner, according to the particular views of 
parties, and from local circumstances. What 
should be looked to in forming an embankment is 
the security to give firmness to the blocks and 
sleepers, and the stability of the rails. Some 
engineers have stated, and amongst others Mr. N. 
Wood, that 4 feet outside of the rails, even on 
high embankments, is sufficient for safety; for 
the reason, that he considers the general im- 
pression is erroneous, that an engine will run 
over the side of the embankment and drag the 
carriage after it ; whereas, in his opinion, when 
the engine runs off the rails its speed is imme- 
diately diminished ; but there being no check to 
the carriage wheels still upon the rails, their 
inertia will carry them forward against the 
engine, pressing it, until the train is stopped. He 
therefore thinks, that if the width on the outside 
of the rails be sufficient when one wheel is within 
the rail to retain the other on the embankment, . 
the train could not run over it. 

It must, however, be obvious, that this opinion 
is hypothetical ; for experience has shown a dif- 
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ferent result. Not only have engines frequently 
run off the lines drawing carriages after them 
over embankments, but in general the safety of 
the carriages has resulted from the breaking of 
the draw-bar, which connected them with the 
engine, instead of the result being that the car- 
riages would push forward the engine, which had 
run off the rails, till it stopped. However much 
it may be an object to keep down the expense 
of railway formation, this surely should never be 
a primary object to public companies, when the 
safety of thousands is concerned. No point can, 
therefore, be of more paramount importance than 
making the spaces outside of the rails of sufficient 
width to give an embankment stability both in 
reality and appearance. For nothing can create 
more well-grounded alarm to the traveller than 
passing over a high embankment with the carriage 
running close to the edge, or passing through a 
deep cutting, or a tunnel, or under a bridge, or 
over a viaduct, when one side of the carriage is 
almost touching the walls. 

When a railway is curvilinear, as the Newcastle 

and Carlisle railway, a greater width should 

likewise be given to the embankment; for an 

ample space outside of the rails gives a general 

M 
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aspect of security highly desirable to be adopted 
on railways where steam is the tractive power. 

On the Liverpool and Manchester, the outside 
spaces are 5 feet 6 inches ; on the London and 
Birmingham and Grand Junction railway, 5 feet 
at the levels, 3 feet at the stations ; and on the 
London and Croydon and Brighton, 8 feet ; 
which cannot be deemed more than sufficient for 
any railway using locomotive engines. On the 
Eastern Counties (Colchester line), the side spaces 
are 6 feet 9 inches ; on the Edinburgh and Glas- 
gow, and Glasgow and Ayr, 7 feet ; Dublin and 
Kingston, 6 feet 7 inches ; Belfast and Portna- 
down, 7 feet 2 inches; North Eastern, 5 feet; 
Newcastle and Carlisle, 5 feet 3 inches; North 
British, 7 feet. 

On most railways the side spaces average from 
5 to 6 feet ; but where rapid speed is adopted, 6 
or 7 feet is not more than is necessary. These 
spaces of course vary in width at particular places, 
such as in passing viaducts, bridges, tunnels, and 
stations, being diminished about three feet, which 
is about the width of each of the side spaces on 
the Greenwich railway. 
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WIDTH OF THE ROADWAY — THE FORMATION 
LEVEL. 

In the construction of railways the width of 
the roadway is a point of preliminary arrange- 
ment. And difference of opinion naturally 
enough arises on this as well as on other points 
of railway practice, although the general mode 
of formation does not widely differ. From an 
interesting account given by Dr. Anderson from 
the communications of Mr. Wilkes, near Lough- 
borough, to the Society of Arts, about 30 years 
ago, it appears that the manner in which rail- 
ways were then constructed evinces in all the 
essential points of earth works a considerable de- 
gree of perfection, although at that time horses 
were the only motive power, and many of the 
roads only a single line of way. 

In a railway as now constructed, the level of 
the earth works, when completed, is called the 
formation level (c d> Jig. 45.); it forms the bed 
in cuttings, levels, and tops of embankments, on 
which the railway is to be made, and is the 
point which regulates the other arrangements; 
for of course it will be made to suit the gauge 
fixed on, and the other spaces, and is commonly 
u 2 
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from 26 to 33 feet, 28 feet being a common width 
for a narrow gauge line. 

For example, the London and Birmingham and 
Grand Junction railways are between the side 
cuttings of drains 30 feet, and the width of road at 
the level of the rails is 26 feet 2 inches ; Eastern 
Counties, width at top of embankments, 30 feet ; 
Birmingham and Gloucester, 28 to 30 feet ; Lon- 
don and Brighton, top width of embankments, 33 
feet ; Liverpool and Manchester, width of way, 
25 feet 7 inches ; Edinburgh and Glasgow, top 
width of embankments, 33 feet ; width of cuttings 
from side drain to side drain, 30 feet ; North 
British railway, now making, about the same; 
Great Western, about 34 feet. 

Supposing the measure over each track of rails 
to* be 5 feet 1 inch, being a 4 feet 8£ inch 
gauge, the two tracks - - - 10 ft. 2 in. 

The intermediate space to be - 6 ft. 

And each outside space to be 6 feet - - 12 ft. 



The entire width of road at level of the rails 

will be - - - - 28 ft. 2 in. 

And if this road be carried through a level cut- 
ting, width of two slopes, for the thickness of 
the way, each - - - 4 ft. 

And allowing 1£ feet at each side for drains - 3 ft. 



35 ft. 2 in. 
will be the width over the drains between a and 
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b {Jig* 44.), or should the side spaces be 5 feet 
each* the width will be 33 feet 2 inches, and the 
width of the road at the level of the rails, or top 
of ballasting, 28 feet 2 inches, and 26 feet 2 
inches respectively. The figure represents a sec- 
tion of the roadway and drains, showing the rails 
laid on stone blocks. 




Fig. 44. 



On embankments there will be 3 feet less for 
drains, reducing the width (with 6 feet side spaces) 
to 32 feet 2 inches between c and d{fig. 45.), which 




Fig. 45. 

is a section of the top of an embankment, show- 
ing part of the rails laid with cross sleepers and 
part on stone blocks : the slope is continued 
downward according to the height of the embank* 
ment. 

Sometimes side mounds are raised 2 feet high 

at the edge of embankments above the road level* 

as a defence against carriages going over. This 

plan is not in general use, and their utility is 

m 3 
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doubtful in affording effectual resistance against 
carriages having any momentum. Where these 
mounds are adopted, the width of the formation 
level will require to be increased 2 feet on eaoh 
side, making the width, with 6 feet side spaces, 
36 feet 2 inches, where the slope is an angle of 
45°, or 1 to 1 ; or where the slope is 1^ to 1, it 
will be 38 feet 2 inches. 



THE WIDTH OF LAND, AND ANGLE OF 
SLOPES. 

The slopes to be given to cuttings and embank** 
ments are regulated in a great measure by their 
height and depth, and the nature of the soil. The 
width of land to be enclosed will vary according 
to the locality. It is of vast importance, however, 
not to be limited in quantity, and to give easy 
slopes — every object being directed to the main 
point of artificial road-making, the attainment of 
perfect solidity. The quantity of land taken by 
different railway companies must necessarily vary 
considerably. On the London and Brighton rail- 
way the width of land enclosed is about 72 feet ; 
London and Southwestern, 69 feet; Bristol and 
Exeter, 64 feet 6 inches. 

It is obvious, however, that in high embank* 
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ments and in loose cuttings, where considerable 
slope is required, the extent of land must be 
much greater than when a railway is made through 
a flat country, as many of the railways round 
London are, where the proportion of expense per 
mile would differ very materially. 

It has been the practice in making excavations 
through sand, gravel, or loose materials, to make 
the slope one perpendicular to one and a half 
horizontal; and embankments have been made 
the same slope, on the supposition that the ma- 
terials will require the same angle to stand at in 
both cases. 

When excavations are made through solid 
rocks it is desirable, in order to save expense, to 
reduce the width of the railway as far as is prac- 
ticable with safety, and longitudinal drains are cut 
at the base of the rock to carry off the surface 
water, and when no incline exists it is pumped off. 

The angle of slope of such rock cuttings is, of 
course, determined by the nature of the strata, 
whether compact or friable. In the basaltic or 
whinstone cuttings, on the Edinburgh and Glas- 
gow and Greenock railways, the walls in many 
places are quite perpendicular. In chalk form- 
ation cuttings, on many of the lines in England, 
the angle of inclination in some is very obtuse ; 

M 4 
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on others, less so. Chalk will generally stand from 
nearly vertical to an angle of 45°. In solid chalk 
the slopes can be effected at £ to 1, or for 1 yard 
in height the cutting inclines 6 inches. On the 
Great Western railway, near Bath, some of the 
cuttings are perpendicular. 

The sand excavations through the Cowran 
Hills, on the Newcastle and Carlisle railway, are 
made with a slope of 1^ to 1. 

It is the practice on all modern railways to 
cover the slopes of embankments with a layer of 
soil, and to sow these with grass, the sod being a 
preservative to the bank. 

In many districts, where stone is plentiful, or 
where there has been an excess of cutting, as in 
the Scotch railways, side walls of stone are used 
as fencing to retain the sides of embankments. 
The materials used for fencing of railways of 
course must, in a great measure, be regulated 
according to the locality. Timber, as being more 
easily obtained in most parts of England than 
stone, is almost generally used there for fencing ; 
and in some places ditches are adopted. There 
is little doubt that no point connected with 
the safety of railways is more important than a 
thorough system of secure fencing, to keep cattle 
from straying upon the rails, so many accidents 
having arisen from it. 
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EARTH WORKS. 

The enormous earth cuttings and filling up of 
embankments, which are seen on many of the 
railways in this country, may well excite astonish- 
ment as the works of a few recent years. It is 
calculated that 16,000,000 cubic yards of material 
were removed on the London and Birmingham: 
line. The excavation of Mount Olive on the 
Liverpool and Manchester line, the sides of which 
are perpendicular, was effected by the removal of 
480,000 cubic yards of sandstone rock. The 
average amount of earth work on some railways 
has been about 150,000 cubic yards per mile. 
The depth of cuttings is frequently very great, on 
some lines from 50 to 70 feet ; and a sand excava- 
tion on the Newcastle and Carlisle railway ia 
110 feet deep. The cutting at Blis worth, on the 
London and Birmingham railway, 50 miles from 
London, is considered a good example of engineer- 
ing skill overcoming natural difficulties. The 
cutting is about 60 feet deep, through strata, the 
upper portion of which is rock and the lower 
looser matter. If the slope of the cutting had 
been extended to overcome the lower strata, 
it necessarily incurred the labour and expense of 
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removing the rock above it ; instead of which the 
rock has been underbuilt, and the sides of the 
cuttings are nearly perpendicular. The same clever 
plan has been adopted on many other lines. On 
the same railway, from the Euston station to 
Camden Town, where a considerable cutting 
exists, from the nature of the soil, a slope of If, 
or 2 to I, would have been necessary, taking up 
much valuable building-ground ; to get the better 
of which, a work of great magnitude is executed — 
retaining brick walls are built, 3 feet 11 J inches 
thick at bottom, and 2 feet 7 inches at top. The 
width between the walls is 56 feet, and they are 
securely bound with strong iron ties, or beams, 
extending across the railway, and contre-forts, or 
piers, are placed at intervals, to sustain the pres- 
sure of the soil, varying in height from 19 feet, 
according to the ground. The face of each wall 
is curved, the radius being about 60°. The whole 
length of the wall is about 2200 yards. 

The quantity of material which can be re- 
moved in cuttings and formations of embank- 
ments must necessarily vary with the material: 
it has, however, been estimated, that about 250,000 
cubic yards is the greatest amount which can be 
teamed over an embankment in one year; but 
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much will depend on the means employed. The 
soil is usually deposited in layers, 2 or 3 feet in 
thickness, slightly concave, in order that one layer 
may acquire some firmness before another is laid 
upon it. It is well known that embankments are 
commonly formed from the excavations ; but 
when soil cannot thus be obtained, side cuttings 
are had recourse to, and the extent of the lead (or 
the distance the waggons have to go to be filled 
or emptied) is important, as respects both time 
and convenience. The formation of embankments 
and cuttings are therefore carried on simultane- 
ously ; and it is of consequence in railway con- 
struction, for economy in purchasing land, that 
these, if possible, should be nearly balanced; 
otherwise, when a surplus cutting proceeds, a 
mound of earth, called the spoil bank, must be 
formed, over which the material is thrown. These 
banks, if made with an easy slope, may be culti- 
vated. The embankment near the Sanky viaduct, 
on the Liverpool and Manchester railway, was 
partly formed of a side cutting. On the same 
railway the Broad Green embankment, nearly 3 
miles in length, measures 135 at base and 60 feet 
at top in breadth, and is about 30 feet high : the 
total material laid down was 550,000 cubical 
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yards. On the Clarence railway, near Durham* 
some of the highest embankments in the country 
exist. 

The following data shows the immense increase 
of the bulk of an embankment by augmenting the 
slopes. An embankment 30 feet high, 66 feet in 
length, with slopes of £ to 1, and the top of 
embankment 33 feet in width, contains 4070 cubic 
yards; with slopes 1 to 1, 4620 ditto; at 1^ to 
1, 5871 ditto; and with slopes, 2 to 1, 6820 
ditto. 



COATING OF THE RAILWAY. 

When the road, if a cutting, has been finished, 
or if an embankment, consolidated, it is brought 
to the proper level longitudinally, and also is 
levelled transversely, or it is made a little convex, 
about three or four inches, towards the middle, 
that the water may fall towards the ditches. But 
as the general material which forms the foundation 
of the railway consists of earth and clay, it is 
necessary to cover it with some more open sub- 
stance, through which the water may penetrate* 
and the blocks and sleepers may rest on a solid 
bed and be kept dry; for in some railways the 
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18 to 24 inches in thickness. It is necessary 
before the line of road is coated, that the entire 
subsidence of embankments shall have taken place, 
as any yielding afterwards is necessarily attended 
not only with danger but inconvenience. It is 
customary, therefore, in newly-made embank- 
ments, in which there is generally a tendency to 
slip in wet weather, to keep them rather higher 
than they are ultimately to be ; and when the 
material is unfavourable to give them a consider- 
able slope, the provision required for subsidence 
shows the imprudence in forcing on embankments 
with some soils too hurriedly ; as the thorough 
consolidation of the earth of a railway is the only 
security against casualties, their hasty form- 
ation increases their liability to slip. Although 
the practice is to travel with caution over newly- 
made embankments, and for the rails to be laid 
in such a manner as to diminish as much as 
possible the risk, still from the sinking of the 
blocks or sleepers, and the constant packing these 
require, in spite of any precautions, the liabilities 
to accidents from these causes exist, and show the 
necessity of circumspection. 

When the railway passes through fenny or 
mossy districts, from the soft and spongy or 
yielding nature of the soil, the danger increases* 
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In forming the road through such a locality, the 
labour and care is tenfold increased ; for the sur- 
face will often sink under the superincumbent 
mass, and the ground at the sides be forced up. 
Much can be effected, indeed, by a proper and 
judicious system of drainage. The extensive 
nature of the drainage required in passing through 
marshy districts has been exemplified on several 
railroads ; and on one line, the Northern and 
Eastern Counties, the engineer, in order to check 
the unequal settlement of the embankment, and 
to bind the earth together, had recourse to in- 
serting a frame-work of timber. 

The mode of passing the Chat Moss on the 
Liverpool and Manchester line as a work of 
engineering difficulty, requiring much skill, has 
not been excelled, perhaps, on any other line. 
The moss, from 10 to 30 feet in depth, is 
soft and spongy ; it extends to about 12 square 
miles ; the railway is carried over it 4£ miles, at 
some parts under and at others above the level of 
the moss, so that both embanking and cutting 
were required through it. As the materials laid 
down for an embankment about 4 feet high 
gradually sunk, it became impossible to use either 
clay or gravel Recourse was therefore had to 
the moss itself for the forming of the embank* 
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ment, which, from its less specific gravity, would 
not be so liable to sink ; and by cutting drains 
every 5 yards apart, and laying the moss dry 
between the drains, it formed an excellent ma- 
terial for the embankment, requiring only 4 or 5 
times the quantity which would have been used 
on solid ground. In forming the road on the 
surface of the moss, drains were first cut on each 
side of the line and lateral ones to carry off the 
water, and by this means the surface acquired 
tenacity and consolidation. Upon this hurdles, 
9 feet broad, wickered with heath, were laid 
transversely ; on some parts one, and on others two 
layers of hurdles were laid. Upon these were 
placed two feet of ballast or gravel, to form the 
permanent road, and on which the wooden sleepers 
for the rails were bedded. Mosses and swamps on 
other lines of railway have been passed in a simi- 
lar manner, and sometimes longitudinal sills have 
been laid along the transverse sleepers. 



DRAINAGE. 

In general the drainage of a railway on the 
embankments is sufficiently effected, when a good 
coating of open ballasting can be obtained, Thia 
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will keep the road dry, and the blocks and sleep- 
ers effectually free from water. Where a good 
coating cannot be obtained, or where the width 
of the road is great, and the least doubt exists as 
to the consolidation of the road, a different mode 
of drainage must be adopted, especially in coun- 
tries exposed to heavy floods of rain. On some 
railways, surface drains are formed under ther mid- 
dle of each of the transverse timbers, as may be 
seen on the Great Western. On other lines, as 
the London and Birmingham, these surface drains 
are made at intervals, to run transversely across 
the road, passing under the rails, as may be seen 
at Primrose Hill. On some places a stone or 
brick drain, of from 4 to 6 inches square, is 
carried along the middle of the line, with cross 
drains at intervals, running from it into the side 
ditches {a b,Jig. 44). Sometimes drains are formed 
on the face of embankments for this purpose. 
The formation of these drains is a mere matter of 
engineering arrangement, depending on local cir- 
cumstances, as material of deposit, or nature of 
subsoil, and excavations. 

On some railways, parallel to the tops of the 

cuttings, open drains have been made, to prevent 

the water running down the slopes. Tile drains 

or wood troughs have been advantageously used 

N 
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for this purpose. Retaining walk *have also 
been drained with clay pipes, laid obliquely in 
trenches, opening through the wall, which has 
tended to their preservation* This plan of drain- 
age has been applied to the retaining walls on 
the Croydon Railway ; they are built in during 
the work ; and also to the walls of the Euston 
Square incline on the London and Birmingham 
railway, which was suffering from the lodgment 
of water and consequent pressure. The wall was 
bored through in several places, into which holes 
iron pipes, about 3 inches in diameter in 4 feet 
lengths, were inserted 16 feet deep. The bank 
on the same railway, which was in a precarious 
state from want of drainage, between Chalk Farm 
bridge and Primrose Hill tunnel, has been suc- 
cessfully drained by means of pipes laid in de- 
scending trenches ; more than 2600 feet of pipe 
have been employed. 

In surface cuttings and excavations the drain- 
age is very simply managed, when there is any 
declivity, as shown in^. 44, page 165., when one 
half of a foot on each side of the formation level will 
generally be found sufficient, although the exact 
size of the drain must obviously be regulated by 
the quantity of water which will be required to 
be carried away. 
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RETAINING WALLS. 

The immense extent of masonry and brickwork, 
which is required in the erections upon almost 
every railway necessarily greatly enhances the 
cost. On some lines, where the road has been 
formed on the sea coast, or on the side of a steep 
hill, one side of the embankment has to be 
supported by a sustaining or revetement wall. 
These expensive works occur on many railways. 
An extensive sea-wall of this description has been 
erected at Granton, on the Edinburgh and New^ 
haven railway. Similar constructions occur on 
the Dublin and Kingston Railway, where an em- 
bankment at Blackrock is made with culverts, 
through which the sea passes at high water. On 
the South-Eastern Railway a strong revetement 
wall exposed to the sea is carried along the face 
of the Dover cliffs. On the Preston and Wyre 
Railway there is an extensive embankment, with 
a wall to the sea. On the Stockton and Hartle- 
pool Railway an embankment has been formed, 
made of clay, puddled, and curved to resist the 
action of the sea. On some railways, in order to 
lessen the extent which the slope of the embank- 
ment requires, strong retaining walls have been 

N 2 
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built ; or sometimes arches are introduced. The 
Dublin and Kingston Railway is partly formed 
in this manner ; and it occurs on many lines, as 
at Linlithgow, on the Edinburgh and Glasgow 
Railway. 

VIADUCTS. 

Almost every kind of arching is made use of 
on railways. The number of arches required on 
some railways, in the formation of viaducts, 
bridges, culverts, and drains, exceeds credibility. 
Viaducts, or roads carried on arches, as is well 
known, are of ancient origin, being used by the 
Romans. They are indispensable in railway con- 
structions, in order to cross valleys at a higher 
elevation than could be done by embankments ; 
likewise for carrying a railway through a town. 

The extensive works on railways of this kind 
are so numerous, that it would take volumes to 
describe them. In some lines the whole arrange- 
ment seems but the choice of, and is attended 
with, vast and complicated difficulties, which, at 
first view, it appears almost madness to attempt 
to overcome; and nothing perhaps but the " esprit 
de corps," which actuates public companies, could 
induce them to undertake such works as have been 
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carried out in this country, where viaducts, tunnels, 
cuttings, occur in succession, and whole streets of 
houses have been removed, which might well deter 
the boldest promoter of railways from embark- 
ing in such a scheme. When it is looked to what 
has been accomplished, one may well feel pride at 
the spirit which conceived such undertakings, and 
the engineering talent which carried them to com- 
pletion. For example — the London and Green- 
wich Railway passes through a sea of houses, and 
for nearly four miles is constructed on a continual 
series of arches, forming one vast viaduct from 
one end to the other : there are not less than 878 
brick arches, chiefly semicircular, 18 feet span, and 
20 feet high ; but in that number there are 27 
skew arches, the principal being over Bermondsey 
Street and the Surrey Canal. The Blackwall 
Railway, 3 miles and 843 yards long, is another 
gigantic work : on it there is a viaduct of 4020 
yards, containing285 arches, chiefly semi-elliptical, 
of 30 feet span. There is also a viaduct on the 
Eastern Counties Railway, carried through build- 
ings, consisting of seven semi-elliptical arches, from 
33 to 36 feet span. Works of a similar description 
occur in towns upon other railways : an extensive 
series of stone arches is now making to carry a 
railway through the middle of the city of Glas- 

N 3 
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gow. Viaducts over rivers and valleys occur on 
almost every railway of any extent. The Warn- 
cliffe viaduct over the valley of the Brent, at 
Hanwell, on the Great Western Railway, is a 
beautiful work, consisting of 8 semi-elliptical 
arches, 70 feet span. The Sankey viaduct, on the 
Liverpool and Manchester line, contains nine 
arches of 50 feet span and 67 feet in height above 
the canal ; and on the same railway the Newton 
viaduct has 4 arches of 30 feet span. The Lawley 
Street viaduct, on the Grand Junction, at the 
Birmingham station, is also an extensive work, 
consisting of 28 segmental arches, 30 feet high 
and 30£ feet span. On the Manchester and Bir- 
mingham Railway there is a fine work, the Stock- 
port viaduct, 2179 feet in length, over the Mersey, 
106 feet high, consisting of 22 semi-elliptical 
arches, each 63 feet span, 28 feet 6 inches between 
the parapets. On the Manchester and Leeds 
Railway there are 5 viaducts; one in the Man- 
chester terminal plane of 54 arches, from 12 to 
30 feet span. The Wakefield viaduct consists of 
11 arches, 30 feet span, and one less. On the 
Midland Counties, the Avon viaduct near Rugby 
consists of 11 semi-elliptical arches, of 50 feet 
span. There is a viaduct on the Chester and 
Birkenhead Railway of 11 arches; and on the 
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Chester and Crewe Railway, the Ellesmere canal 
is carried by an aqueduct over the railway. On 
the Edinburgh and Glasgow line two extensive 
viaducts occur. The Almond viaduct is sup- 
ported on 36 segmental arches of freestone, of 75 
feet span, and the versed sine 16 feet 6 inches. 
The width between the parapets is 26 feet, ex- 
treme width 28 feet 6 inches, and height above 
the river 50 feet. The Avon viaduct has 20 arches. 
Timber has been occasionally used in this country 
for economy, for forming short viaducts, on the 
plan introduced in America ; but, from their elas- 
ticity and vibration, they are not considered advan- 
tageous for the rapid speed of locomotion. A fine 
viaduct of this kind, supported on columns, has 
lately been made at Croydon, for the Atmospheric 
Railway. A viaduct of this description is now 
making on the North British Railway, near Edin- 
burgh. Messrs. J. and B. Green, C. E., adopted 
arched timber viaducts on the Newcastle and 
North Shields Railway, chiefly on the ground of 
less cost- They designed a plan in 1833, which was 
put into execution in 1837, of timber arches rest- 
ing upon stone piers, at the Ouse Burn viaduct. 
There are five arches, the versed sine 33 feet, and 
the radius 68 feet: three of them are 116 feet 
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span each, and two of them 114 feet each. Each 
arch is composed of three ribs, and cast-iron im- 
bedded in the masonry to receive them. 

BBIDGES. 

The bridges formed on railways in this country 
are so numerous, that their bare enumeration 
would be impossible. It has been estimated 
that the number of bridges, taking the mean of 
100 railways, averaged about 2£ per mile. On 
one railway, the Grand Junction, 82 miles, there 
are 106 bridges over and 63 under the railway. 

On the Manchester and Leeds Railway, 60 
miles, there are 116 bridges, besides viaducts; 
Midland Counties, in 48 miles, 148 bridges; 
North Midland, 73 miles, 133 bridges ; North of 
England, 45 miles, 84 over and under; Liverpool 
and Manchester, 30 miles, 55 over and under. 

On the Edinburgh and Glasgow Railway, in 
46 miles there are 31 bridges over, and 31 under, 
the railway, of 15 feet span, besides the viaducts. 

On the Glasgow and Greenock line, in 21 miles 
there are 60 bridges and culverts, including the 
Port-Glasgow viaduct. 

Sometimes the arches are made entirely of 
brick. They are so on most of the English lines. 
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The arches on the London and South-Western 
line are chiefly of brick, 28 feet in span and 16 
feet in height. On the Scotch railways the 
bridges are built almost entirely with stone. Iron 
is occasionally used in place of brick and stone. 
Cast iron girders or ribs are in common use, laid 
from one abutment to another. Six ribs are made 
to support the four rails and two parapet walls, 
having nothing upon the girders except a plat- 
form of iron plates, flag-stones, or planking. By 
this plan the depth of the bridge can be reduced, 
strength is obtained, and no ballasting is required. 

Bridges are also occasionally made of timber of 
a similar construction; but they want the ap- 
pearance of durability, being better adapted for 
temporary erections. Messrs. Green constructed 
an extensive structure of timber over the river 
Esk at Dalkeith, for the Duke of Buccleuch's coal 
works. 

Skew, or oblique arched-bridges, have been 
much introduced in railways when the line has to 
intersect any road or other place at an oblique 
angle. As it is most important in railway formation 
to avoid angles and keep by a straight line, a skew 
bridge becomes a great convenience, from the 
circumstance that the railway over the bridge, and 
the road under it, may be made to form unequal 
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angles with each other. The construction' of these 
arches requires very great skill, both on the part 
of the engineer and executor of the work. On the 
Liverpool and Manchester Railway the arch near 
Rainhill is 54 feet on the skew, and the angle of 
obliquity 34°. 

The skew arch at Bermondsey Street on the 
Greenwich Railway, consists of three openings ; 
one for carriages, 17 feet 6 inches wide and 19 
feet high, and two for foot-passengers, 6 feet 6 
inches wide. The whole is effected at an angle 
of 38°, and is constructed of six cast-iron ribs ex- 
tending over the three arches 58 feet in length : 
they are supported on twelve cast-iron columns 
16 feet in height. 

The bridge over the Dog Row, on the Eastern 
Counties Railway, is a skew one ; span 55 feet ; 
made of cast iron, with longitudinal and trans- 
verse girders. The larger girders are 3 feet in 
depth, 2 inches thick, with an upper and lower 
web, each 9 inches wide, and run from one abut- 
ment to the other. 

On the Great Western Railway, at Maidenhead, 
there is a bridge of ten semi-elliptical arches of 
128 feet span, having the rise or versed sine only 
24 feet 3 inches. There are also some very hand- 
some iron bridges at Bath. 
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On the Manchester and Liverpool Railway- 
there is a bridge over the Irwell at Manchester, 
65 feet span; and on the same line, the Saint 
Helen's Railway is carried over the former by 
means of a handsome iron bridge with cast-iron 
columns. 

On the South Western Railway some of the 
bridges are made with cast-iron girders covered 
with stone; but it has been found difficult to 
keep the joints tight. 

On the North Union Railway the bridge at 
Preston over the river Weaver, built of stone, 
consists of five semi- elliptical arches, 140 feet span. 

On the Manchester and Bolton, where little 
height existed between the rails and the road over 
it, the two lines have been separated by iron 
columns, to allow the utmost height for the car- 
riages. 

On the London and Birmingham there are 
some elegant bridges ; the one carrying the Edge- 
ware Road over the railway is made of iron 
springing plates, with intermediate arches of 
brick built in cement. The one at Rugby is con- 
structed of cast iron. There are seven bridges 
on this line from Euston Square to Camden Town. 
The iron-tie bridge over the Regent's Canal at 
Camden Town is a fine work. 
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A considerable difficulty often arises in form- 
ing bridges over railways, from the desire of keep- 
ing down the arch for the same roadway over 
it ; hence many very flat arches are to be met 
with, which weaken the bridge, and often give 
it a very insufficient aspect, which ought to be 
avoided, 

The bridges now in the course of construction 
on many of the lines of railway now carrying on 
in this country, will not be inferior, as works of 
skill and enterprise, to those that have preceded 
them. The proposed passing of the Menai Straits 
on the Chester and Holyhead Railway has already 
called forth great engineering skill. 

When railways were first introduced, they were 
improperly allowed to cross turnpike roads on a 
level. On those railways, accordingly, for which 
Acts were passed previously to 1836, these ob- 
jectionable crossings are very common ; as on the 
Stockton and Darlington, Newcastle and Carlisle, 
Liverpool and Manchester, Dublin and Kingston, 
Glasgow and Garnkirk. Great danger from such 
level road crossings must obviously arise where 
steam power is employed, from vehicles passing 
when the train is at rapid speed, or from cattle 
straying on the rails. These crossings are pro- 
perly now prohibited. Indeed, it seems much 
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more for the advantage of the railway company 
to build a bridge to ensure permanent safety, 
than to erect a lodge and gates, with a man con- 
stantly stationed on the spot. 



TUNNELS. 

Tunnels are the most formidable and expensive 
of all the works on a railway, and the cost of them 
being contingent on the nature of the ground to 
pass, unseen obstacles often intervene to increase 
the expense. Tunnels are great drawbacks to 
the comfort of railway travelling ; and being ob- 
jectionable in every point of view, the skill of the 
engineer is fully displayed in avoiding them. 
Accordingly, in most of the recently designed 
railways they are avoided as much as possible. 
It is, however, quite impossible in many localities 
to dispense with them altogether, without perhaps 
having recourse to as great, if not greater evils. 
They may, therefore, be called necessary evils in 
the present state of railway formation. To attain 
proper gradients, few lines of railway of any ex- 
tent can be constructed without having recourse 
to these laborious and tedious formations. 

Tunnelling, or the art of cutting subterranean 
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passages through the bowels of the earth, has 
been long practised ; and extensive tunnels have 
been constructed, through which several of the 
canals of this country have been carried. Tun- 
nels are constructed either by perforating the 
earth by means of horizontal shafts entering them 
from the face of a hill, or by sinking vertical shafts 
as a pit would be sunk. When tunnels have to be 
carried through granite or solid basalt, or whin- 
stone, or compact sandstone rocks, the labour and 
time occupied must be very great, as nearly the 
whole operation is carried on by blasting. In 
the Scottish railways several laborious works of 
this kind have been effected. On all tunnels of 
any length ventilating shafts must be provided; 
for although it does not appear that tunnels have 
been attended with those bad consequences to 
health at first apprehended, still immunity from 
personal injury will not make them more bearable 
or less offensive. Their safety and exemption 
from annoyance will therefore depend entirely on 
having air shafts at short distances; and above 
all things giving them, at whatever cost of first 
outlay, sufficient elevation. The height of the 
tunnel is of importance when locomotives pass 
through it ; for even when coke is consumed the 
smell is most offensive ; but should coal be used 
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for the engine, the tunnel will be rendered much 
more disagreeable. 

The height of the tunnels used on railways 
varies, like most points connected with them, 
exceedingly. In general, to save expense, they 
are kept too low ; nor does there appear any 
fixed rule to go by, judging from the tunnels in 
existence. The distances apart, likewise, of the 
ventilating shafts, and the diameter of these, vary 
in a similar manner. 

A few examples may be referred to, by way of 
illustration. 

On the London and Birmingham line there are 
several tunnels ; the principal of which are, Prim- 
rose Hill, Kilsby, Kensall Green, Watford, Wee- 
don, and Birkswell. 

Primrose Hill tunnel, 3750 feet long, 22 feet 
high, 22 feet wide, is carried through plastic 
clay. The brick- work is 18 inches in thickness, 
built in cement. There are five ventilating air- 
shafts about 9 feet in diameter ; they are raised 
about 8 feet above the ground. These shafts were 
used, in making the tunnel, for lowering the ma- 
terials and raising the excavations. 

The Kilsby tunnel is about 6600 feet in length. 
Its excavation was a difficult work, from the tun- 
nel passing through strata in part of running 
sand. It is 27 feet high and 23£ wide. 
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The Watford tunnel is 1 mile and 39 yards, or 
5397 feet : it is carried through chalk. About 
the middle there are two large shafts for venti- 
lation. 

The Ken8all Green tunnel is a quarter of a 
mile in length. 

The Box tunnel on the Great Western Railway, 
on the incline 1 in 100, between Bath and Chip- 
penham, is fully If mile, (9372 feet) in length. 
It is 27 feet 6 inches in width at springing of 
invert : above this line it is 30 feet. The clear 
height above the rails is 25 feet. The air-shafts 
are 11 in number, generally about 25 feet in 
diameter. 

On the Liverpool and Manchester Railway 
there are three tunnels. The first, from Wapping 
station to Edge Hill, is 6600 feet in length, 22 
feet wide, and 16 feet high. The side walls are 
5 feet perpendicular, for supporting the semicir- 
cular arch of brick. Some parts of the roof are 
formed by natural rock. This tunnel was exe- 
cuted by means of vertical shafts. The passenger 
tunnel, from Edge Hill to the original station in 
Crown Street, is 870 feet in length, 15 feet wide, 
and 12 feet high. The tunnel descending to the 
station in Lime Street is about 5280 feet (one 
mile) in length, 25 feet in width, and 19 feet in 
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height. At the Western entrance the segmental 
arch rises 12 \ feet. 

On the Manchester and Leeds Railway there 
are eight tunnels, one of which is 8580 feet, or 1 
mile 5 furlongs in length. It is 23 feet wide at 
springing of invert, 24 feet at springing line of 
arch of roof, and the height from spring of invert 
to the soffite of arch is 21 feet 6 inches. 

On the South Eastern (London and Dover) 
there are several extensive tunnels : the Shakspeare 
tunnel at Dover has a double bore, or a tunnel 
for each line of way, 12 feet wide. It is made in 
the form of a Gothic arch, 19 feet to the spring of, 
and 30 feet to the top of, the arch. The Chalk 
Cliff Tunnel is 4290 feet in length, on an incline 
of one in 284 : it has seven audits or galleries. 
The Abbot's Cliff tunnel is 6609 feet long, 24 feet 
wide, and 25 feet high : it has vertical shafts and 
galleries. 

On the Manchester and Bolton Railway there 
is a tunnel of 900 feet. 

On the Leeds and Selby there is a tunnel 2100 
feet in length, 17 feet high, and 22 feet wide, 
and there are three shafts for ventilation. 

There is a tunnel 300 feet on the Whitby and 
Pickering line, 14 feet high, 10 feet wide; the side 
walls are upright for 9 feet, and support an 
o 
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arch of 18 inches brickwork. The entrance to 
the tunnel is built in a castellated form. 

There is a tunnel on the Leicester and Swan- 
nington Railway, about 5280 feet, or a mile in 
length, 10 feet 8 inches wide at the base, and 11 
feet 9 inches at the springing of the semicircular 
arch; the height is 13 feet 6 indies. There are 
four ventilating shafts 3 feet in diameter, raised 8 
feet high above the ground. There is a tunnel 
on the Chester and Birkenhead Railway 573 
yards long, and 16 feet high. 

On the Newcastle and Carlisle Railway, 60 miles 
in length, there is only one short tunnel. 

On the Edinburgh and Glasgow, in the oppo- 
site extreme, in the short distance of 46 miles, 
there are five tunnels, some of which are long, 
cut through solid rocks. The Falkirk tunnel, on 
a curve, is 2490 feet in length ; the Winchburgh, 
990 feet ; and three tunnels together at an incline 
at Glasgow, 1328 feet, 876 feet, and 816 feet 
respectively. The height of these tunnels is 26 
feet, and the width 22 feet. On the Ayr and 
Greenock Railway there are short tunnels cut 
through the solid rocks. On the Edinburgh and 
Newhaven a tunnel 3000 feet in length is now 
making under part of Edinburgh. It is 24 feet 
wide, and 17 feet high. This has been a most 
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difficult and laborious work, chiefly arising from 
the looseness of the strata, consisting of sand, 
shale, basalt, and freestone : the deepest vertical 
cutting will be 90 feet. Another tunnel of con- 
siderable extent has also been made at that city, 
on the North British Railway. It is cut through 
the basaltic rock of the Calton Hill. The whole 
of this tunnel has been lined with brick-work — a 
very complete, although expensive, undertaking ; 
the width of this tunnel is about 24 feet, and the 
height about 17 feet. 

One of the first railway tunnels made in the 
same neighbourhood was that on the Edinburgh 
and Dalkeith railway, opened in 1 830. It is 1 7 1 
feet long, placed on a steep incline. It is a semi- 
circular span of 20 feet. 



RAILWAY STATIONS. 

The labours of railway formation may be con- 
cluded with a short notice of railway stations. 

The position of railway stations upon a line, 
and the number of them, is a matter entirely con- 
tingent on local circumstances. As a general 
rule it may be kept in view, that the greater the 
number and convenience of the stations, and the 
o 2 
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cheaper the fares, the greater is the probability 
that the traffic on the line will increase. The 
size and accommodation of the station housed 
vary from the humble office of one apartment to 
those splendid establishments some of which are 
observed on almost every railway; such as the 
stations at Euston Square and at Rugby, on the 
London and Birmingham Railway ; those at 
Bristol, Bath, Slough, and Swindon, on the Great 
Western; also the stations at Liverpool, Man- 
chester, Birmingham, York, Derby, Glasgow, &c. 
The architectural design and plans of these it 
is not purposed to describe : many of the station 
buildings display considerable architectural taste, 
others a paucity of it. It might be well when 
railway depots and stations form so conspicuous 
objects, that pure classic designs were adopted, 
and premiums might most advantageously be 
awarded for competition designs. Iron roofs are 
much used for railway stations : they require 
most careful construction. Too much attention 
cannot be bestowed on the arrangements at the 
stations, as much of the convenience, comfort, 
and safety of passengers depend on them. As a 
general rule, the plan has been adopted of having 
all stations and depots on a level with the railway, 
wherever it is possible : this prevents incon- 
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venience in many respects to passengers, and also 
in the transfer of goods. The position of the 
engine houses, coke stores, goods' warehouses, 
&c, are also points in the arrangement of railways 
which, both as respects the guarding against 
accidents and for convenience, display skill on the 
part of the engineer. There is not one point 
connected with railways that requires more 
speedy correction than the dangerous practice of 
passengers being obliged to cross the rails to get 
at the up-trains. This improper practice exists 
on almost every railway at out-stations, and the 
numerous accidents which have occurred from it 
might long ere this have pointed out the necessity 
of its abolition. There are few travellers but know 
the danger of scrambling over rows of iron rails in 
the dark, to get at the landing platform on the oppo- 
site side of the railway, where the train they want 
is to stop. A fatal accident which occurred at the 
Falkirk station on the Edinburgh and Glasgow 
Railway, by a gentleman crossing the line to get 
to the carriage, being run down by a coming-in 
train, very promptly led to a bridge being thrown 
across the rails, and so preventing the necessity 
of the passengers walking in future on the rails 
at all at that station : and why should not this 
plan be obligatory on railway companies through- 
o 3 
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out the kingdom ; as also that they should land 
passengers at all times on a platform ? I have 
seen passengers at some stations landed in the 
dark amid the rails of the line, and where cross 
lines meet, and obliged to find their way to the 
platform in the best manner they could. By a 
little attention to the arrangement of the stations 
and landing-places, and the manner of attaching 
and detaching of luggage waggons, carriage and 
cattle trucks to and from trains, many accidents 
may be prevented, or casualties guarded against. 



COST OF RAILWAYS. 

Thus have been gone over some of the im- 
portant works connected with the formation of 
railways; from the preceding descriptions some 
idea may be formed of the multifarious details. 
From these works may be perceived the enormous 
expense attending forming the line of way, and 
the necessity of (while the railway is designed with 
all due regard to economy) its utility not being 
injured by ill-judged parsimony. It must be in- 
deed obvious that the cost of railways is much, if 
not altogether, contingent on local circumstances ; 
and in estimating the future returns from a rail- 
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way, the cost per mile must be the most important 
consideration ; in general, railways have been con- 
structed and arranged more on the principle of 
convenience, and in the hope of such an increase 
of traffic arising as would repay the first vast out- 
lay on them ; while others, again, have been, by 
fortunate adventitious circumstances, formed at 
a very cheap rate. The cost of the London and 
Birmingham Railway was about 52,882/. per mile ; 
the Grand Junction, 22,293/. ; Liverpool and 
Manchester, about 50,9237. ; Great Western, about 
56,372/. ; London and Brighton, about 56,981/.; 
London and Greenwich, 267,270/. ; London and 
Southwestern, about 28,004/.; London, and Black- 
wall, 287,693/.; London and Croydon, 80,400/.; 
Birmingham and Gloucester, 29,000/. ; Manches- 
ter and Leeds, 47,824/.; Midland Counties, 35,402/.; 
York and North Midland, 23,066/. ; Dublin and 
Kingston, 59,122/. ; Edinburgh and Glasgow, 
35,024/.; Glasgow and Greenock, 35,451/.; 
Glasgow, Kilmarnock, and Ayr, 20,607/.; North 
Union, and Bolton and Preston, 27,799/. ; Dublin 
and Drogheda, 15,652/. ; Dundee and Arbroath, 
8,570/. per mile. 
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MOTIVE POWER OF THE RAILWAY. 



The subject of railways has been viewed hi- 
therto chiefly in regard to the roadway on which 
the carriage** have to run. The consideration 
which next presents itself is the mode of working 
the railway, and the motive power best adapted 
for this purpose, both in respect to safety and 
economy. Railways indeed would have made 
slow progress in this or any other country — nor 
would they have been at all likely to supersede 
canals and other modes of conveyance — had the 
old plan of working them by horses, or stationary 
engines, still continued. Confined as these agents 
were to a slow rate of motion, and ill adapted for 
general traffic, however convenient for local pur- 
poses, there could have been no stimulus to extend 
the expensive works which have been described 
connected with railway formation, had it not been 
for the invention of a motive power which brought 
a new principle into action, unknown in former 
times, combining economy of working with the 
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utmost velocity. The rapid advancement of rail- 
ways in these times is clearly attributable to one 
thing. In many questions doubts may arise as to 
success being attained by a combination of cir- 
cumstances ; but never was any thing more clearly 
defined or brought out, than that railways owe 
their present success and prosperity to the inven- 
tion and perfecting of the locomotive engine ; and 
although it may yet happen, by the strange anomalies 
of events, that, after all the labour and time spent, 
and skill displayed, in bringing this machine to 
the perfection it has attained, it may perhaps be 
doomed, after a precocious maturity and short 
usage, to be superseded by another mode of propul- 
sion, — the atmospheric or some other scheme, which 
may lead again to the use of fixed engines ; still it 
must be interesting to trace the progress and 
history of an invention which has already proved 
of vast utility to mankind. 



INVENTION OF THE LOCOMOTIVE ENGINE. 

For many years the locomotive engine had 
been retarded by an erroneous and imaginary 
assumption, which prevailed since the general 
introduction of iron rails, that there was not 
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sufficient friction between the face of a smooth 
wheel and rail to produce adhesion, or resistance 
enough to cause the wheel to move onward, 
instead of simply turning on its axle, — which is 
technically called skidding of the wheels. It seems 
to have been supposed, that from this taking 
place, and want of sufficient gripe or bite, not only 
there would be loss of power, but the advance of 
the carriage would be retarded. Strange as it 
may now appear, futile schemes were proposed 
and much money was expended on contrivances 
to get rid of this supposed difficulty, when the 
solution of the point could have been attained by 
a few experiments. This shows the necessity of 
testing inventions by experiment and experience 
— these may be truly termed the only safe basis 
upon which practical improvement can be raised. 
In looking back on the short history of rail- 
ways, we cannot but wonder that so little progress 
was at first made with steam power. The steam 
engine cannot boast of great antiquity; for al- 
though the ancients knew something of steam, 
they knew nothing of motive power or mechanical 
applications. The invention of the steam engine 
is generally ascribed to the Marquis of Wor- 
cester in the year 1663 ; but to Savary, who 
obtained a patent for his steam engine in 1692, 
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Newcomen, Watt, and others, is fairly due the 
merit of the invention of the steam engine, as 
the Marquis of Worcester's projects were wild 
and fanciful. There were many difficulties to 
overcome before the steam engine could be made 
applicable to purposes of locomotion. No doubt 
the double-acting steam engine had, in the year 
1782, been brought by the genius of Watt to such 
a degree of perfection as to admit of few subsequent 
improvements ; but how unsuitable such an engine 
must be, with its heavy frame work, huge fly 
wheel, its beam, condenser, and cumbrous boiler, 
for locomotive purposes. Had these clever adapt- 
ations for stationary steam engines not been got 
rid of, the locomotive engine would have made 
little advancement. Who can doubt that re- 
peated trials and experiments must have been 
made ere the least excellence could have been 
attained in the application of the steam engine as 
the motar on railways. 

It must have been obvious to engineers, almost 
from the first, that locomotive engines must be 
differently constructed from the common con- 
densing engine. From the period of Watt till 
within the last 30 or 40 years high-pressure 
engines were rarely used in this country : indeed 
a strong prejudice existed against them from ap- 
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prehension of their safety. These prejudices 
gradually wore out where small steam engines 
were used : and when steam power came into use 
— from 15 to 20 years ago — in Scotland for 
farm purposes, high pressure or noncondensing 
engines, on the reciprocating principle, were 
generally preferred, from cheapness, as the motive 
power for barn machinery. Engines of this de- 
scription are now in general use at farms in 
Scotland and the borders of England.* The usual 
pressure at which these high-pressure engines are 
worked is from 30 to 35 lbs. on the square inch ; 
and no accident with them has yet occurred at 
farms, showing that with good management there 
is perfect safety. 

TREVITHICK AND VIVIAN'S LOCOMOTIVE 
ENGINE. 

Steam engines, however, modelled after the 
form of condensing engines, were obviously very 
unsuitable for portable or locomotive purposes. 
The first high-pressure engine, it is generally 
admitted, applicable for the latter purpose, was 
the invention of Richard Trevithick and Andrew 

* The author has now in the press a work, for which a 
premium was awarded, on the application of the steam- 
engine to farm purposes. 
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Vivian, engineers, of Camborne, in Cornwall. In 
the specification of the patent, dated March 24. 
1802, it is described "for improving the construc- 
" tion of steam engines and the application thereof 
" for driving carriages on rails, and turnpike roads, 
" and other purposes ;" likewise, that their engine 
will produce a " more equable rotatory motion on 
" the several parts of the revolutions of any axis 
" which is moved by the steam engine, by causing 
" the piston rods of two cylinders to work on the 
" said axis by means of cranks at £ turn asunder," 
It is also mentioned that they occasionally propose 
" to make the external periphery of the wheels of 
" carriages uneven by projecting heads of nails, or 
" bolts, or cross grooves, or fittings to rail-rods, 
" and that in cases of a hard pull to cause a lever 
" bolt or claw to project through the rims of one 
" or both wheels, so as to take hold of the ground ; 
" but that in general the ordinary structure of the 
" external surface of the wheels would be suffi- 
" cient ; that the form of the engine might be 
" varied by changing the relative velocity of rota- 
" tion of the wheels as compared with that of the 
" axis by shifting the gear, or by having toothed 
" wheels of different sizes ; the body of the carriage 
" to be made of any convenient form according to 
" its use." In this clever invention the steam was 
proposed to be worked either at high pressure or not. 
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If the former, at a pressure from 60 to 80 lbs. on 
the square inch, and the boiler was made of a cylin- 
drical form, to bear the expansive action of strong 
steam, having a bent tube like the letter U within 
it, to increase the heating surface. The furnace 
was placed within the boiler, as in the common 
marine boiler ; and they proposed occasionally to 
excite the fire by bellows, worked by the piston, 
or crank of the engine, or by any plan found con- 
venient. The cylinder of the engine was likewise 
immersed in the boiler. To guard against explosion 
a second safety valve was provided, not under the 
control of the engineer — a plan which subse- 
quently has been universally adopted in locomo- 
tive engine boilers, and which arrangement should 
be applied to steam boilers of every description. 




Fig. 46. 
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Fig. 46. is a side and end elevation ; a is the 
boiler, with flat ends, the fire being contained 
within the tube b 9 entirely surrounded with water ; 
d the steam cylinder, placed nearly to the bottom 
of the boiler — the waste steam passes into chim- 
ney c by eduction pipe e : the piston rod is at- 
tached to cross-head ff, which slides in vertical 
guides, from the ends of which the connecting 
rods gg descend to the cranks on the axles of the 
fore wheels, and makes them revolve : h is the 
safety valve of the boiler. 

In the year 1804 the inventors constructed an 
engine for moving railway carriages. This was 
the first steam engine applied to locomotive pur- 
poses in Britain. It was used successfully on 
the railroad at Merthyr Tydvil, in South Wales. 
The cylinder was placed horizontally, as in loco- 
motives now used. The heads of the piston rod 
and connecting rod were divided, or forked, 
leaving room for the motion of the extremity 
of the crank, and giving motion to it fixed on an 
axle-tree : on this axle cog-wheels were placed, 
working into cog-wheels on the axle of t^e 
hind wheels. This locomotive engine, which in 
many of the leading features was essentially the 
same as those now in use, had only one cylinder 
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of 8 inches diameter, and a stroke of 4 feet 
6 inches, with a fly-wheel to regulate the action 
of the crank. At its first trial it drew as 
many carriages as carried ten tons of bar-iron a 
distance of nine miles, travelling at the rate of five 
miles per hour. It is doing mere justice to these 
inventors to state that, to them belongs the merit 
of having first applied the steam engine success- 
fully to the purposes of locomotion; and that 
those who reaped the subsequent harvest merely 
did so from the seed they had sown. 

Although Messrs. Trevithick and Vivian had 
thus, to a certainty, so far succeeded in making 
use of the steam engine as the motive power for 
railway carriages — still the action of their loco- 
motive was confined to the level plane, which 
destroyed much of its efficiency, and the erro- 
neous belief entertained, to which I have already 
alluded, of the want of bite, or adhesion of the 
wheel to the rail, rendered the progress of loco- 
motive traction, in a great measure, nugatory ; 
accordingly, for nearly 25 years subsequent to 
their patent, very little was done to advance the 
object, although, no doubt, numerous attempts 
were made, and some of these were, perhaps* 
unheard of. 
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BLENKENSOP'S LOCOMOTIVE, AND BACK-BAIL. 

The next patent for this object was that 
granted to Mr. John Blenkensop, of Middleton 
Colliery, near Leeds, in 1811, for what he termed 
a rack-rail, adapted for carriages. 

In the specification of his patent he mentions 
that he proposed to fix upon the ground, or road, 
over which a conveyance is to be made, " a 
" toothed rack, or a longitudinal piece of cast 
" iron or other material, having protuberances, or 
" other parts, of the nature of teeth, standing 
" upwards or downwards, or sideways, or in any 
" required position ; and that the toothed rack 
" should be prolonged by fixing to it other pieces 
«* so far as required upon the road ; " that he pro- 
posed " to fix, apply, and connect, with a carriage 
" for the conveyance of goods or passengers, a 
" wheel having teeth or protuberances, or other 
" parts of the same nature as the teeth belonging 
" to the longitudinal rack ; and when the carriage 
" was suitably placed on the road the wheel was to 
" revolve and drive its carriage along by the appli- 
" cation of any such well known power or first 
" mover as can be placed upon and carried along 
" with the carriage." He also declares that a steam 
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engine is greatly to be preferred to any other 
first mover; and, further, that he proposed 
to connect it by a crank, assisted by a fly- 
wheel, or by other well known methods of. con* 
nection, and to make the connections either 
directly with the arbor of the said wheel, or in- 
directly by another wheel, where the one crank 
or other driving force cannot with convenience 
be fixed upon the arbor of the wheel. And, fur- 
ther, to render the motion of the carriage more 
easy, he proposed, as might be most convenient, 
to avail himself of contrivances heretofore in use, 
and that a preference should be given in every 
instance to an iron railway, upon which the 
toothed or common wheels of his carriages should 
run ; and in that case he connected his longi- 
tudinal rack with the railroad itself — as one of 
the sides forming the railroad might be cast with 
teeth, so that it would constitute the toothed 
rack itself, and, at the same time, afford a regular 
and even bearing for the wheels, and for the 
toothed wheel, which, if its plane were vertical, 
may be made with a side-run to bear upon the 
smooth part of the rail, and prevent the teeth 
from locking too deep ; and, lastly, to give mo- 
tion to other carriages by attaching the same to 
the carriage upon which the first mover was 



BLENKENSOP'S LOCOMOTIVE ENGINE, 211 

placed ; and that these other carriages were fitted 
up without, or did not require the toothed wheel 
And he also, when preferred, made use of two 
toothed wheels acting upon corresponding racks 
at each side of the rails : fig. 47. 







Fig. 47. 
p 2 
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This complicated and extravagant scheme seems 
to have received the most careful consideration/ 
and much time must have been spent in perfecting 
the details : but the idea was soon abandoned. 



MESSES. W. AND E. CHAPMAN'S PATENT LOCOMO- 
TIVE ENGINE AND CHAIN. 

In the following year, 1812, a patent was 
granted to William Chapman, civil engineer of 
Newcastle-on-Tyne, and to Edward Walton 
Chapman, of Willington Kopery, in Northumber- 
land, for a method of facilitating the means and 
reducing the expense of carriages on railroads. 
Their invention consisted chiefly in the use of a 
chain or other flexible and continuous substance 
stretched along the road to be travelled, secured 
at each end at suitable intervals, and in the ap- 
plication of this chain round a barrel or grooved 
wheel in such a manner as not to slip, the 
grooved wheel was fixed on before or behind a car- 
riage, supporting any internal moving power, and 
was to be put in motion by the power, so that by 
the revolution of the grooved wheel round its axis, 
either one way or the other, it could drive the 
carriage and the others which might be attached 
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to it. The patentees stated that it was already 
known that self-acting locomotive engines had 
been made for the purpose of drawing carriages 
after them ; but the object of their patent was not 
to include in their invention what had heretofore 
been publicly done, but simply to claim such a 
position and application of the things they men- 
tioned as fell within their description. " That the 
principal feature in their invention was the ad- 
vantage that no alteration was required on the 
waggon ways or rails, whether they were of wood 
or iron, because if they were strong enough to sus- 
tain coal waggons they would be amply capable of 
supporting a locomotive engine when placed on 
6 or 8 wheels, and thus the alternative hitherto 
laboured under would be obviated; namely, either 
that of the weight of the engine destroying nume- 
rous rails, or the total renovation of the way by 
laying new rails at a great charge." This plan of 
an engine was tried at the waggon way, from 
Hetton colliery to the river Tyne, near Newcastle. 
By this plan carriages using the chains could not 
pass each other : the method, therefore, required 
two railways, one in each direction. The weak- 
ness of the rails laid down for railways at this 
period forming an obstacle to the use of heavy 
engines, may account for the proposal of Messrs. 
p 3 
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Chapman of placing the weight of the engine 
upon two frames supported by 6 or 8 wheels; still 
the cumbrous action of 8 wheels and such a length 
of framing must have made such a moving power 
most unwieldy. 



brunton's patent locomotive, with legs. 

The next invention emanated from Mr. William 
Brunton, engineer of the Butterly ironworks in 
the county of Derby, who, in the year 1813, 
took out a patent for a singular contrivance to 
overcome the ideal obstacle of the want of suffi- 
cient adhesion of the wheels of carriages. The 
specification of his patent describes a method and 
machinery "for propelling or drawing carriages 
" upon roads or railways by means of certain levers 
'" or legs alternately or conjointly acting upon such, 
" or upon machinery attached thereto." He pro- 
posed to propel the carriage by steam power, by one, 
two, or more legs (ab,de,)Ji(jrA8.,-p&ge215., acting 
against a rope chain or rail, and which legs are at- 
tached to or connected with the moving power in 
such a manner as to receive from it a reciprocating, 
motion, by the levers (a c 9 dc 9 ) something similar 
to the motion of a man's legs when in the act of 
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walking, which motion might be communicated by 
any of the usual and fit mechanical means employed 




by machinists. The lower extremities of the said 
p 4 
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levers or legs were to be furnished with one or 
two other pieces, which he called feet {b e), with 
shoes formed to the best advantage, to prevent the 
wear of the roads ; and these were to be made of 
wood or metal, of breadth proportioned to the 
materials on which they were to act. The said 
feet were attached to the legs by means of joints 
in such a manner as to accommodate themselves 
to the various inclinations or irregularities which 
the road might present, and that they might keep 
a better hold. The legs were to be either used alter- 
nately, and the machinery so constructed that when 
one leg with its foot was brought to the ground, 
or about to take it, the other might be raised and 
suspended until it was again brought into action, 
or a conjoint action might be adopted, and both 
legs used together to obtain the progressive motion 
of the carriage. 

a is the cylinder placed on one side of the boiler, 
the piston rod being attached to the leg at a, 
serving as an abutment to push the engine for- 
ward; 1, 2, 3, are rods sliding backwards and 
forwards, fixed to the lever a c, d c ; on the top of 
the boiler are straps to raise the feet. 

Mr. Brunton gives an account of the action of 
his engine, which he terms the " mechanical tra- 
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veller," in the "Kepertory of Arts," from which 
it appears that his propelling legs were tried upon 
a railway at the Crick Lime Works, belonging to 
the Butterly company, and he states that they 
performed very well. He first ascertained that the 
power necessary to move it at the rate of 2£ miles 
an hour, was 84 lbs. The machine there tried 
consisted of a steam engine, having a cylinder of 
6 inches diameter, and 24 inches stroke (the 
whole weight, including water, being about 
45 cwt.), with steam equal to 40 or 45 lbs. on the 
square inch. The machine was propelled at the 
rate of 2£ miles an hour, and raised perpendicularly 
812 lbs. at the same speed, — making the whole 
power equal to 896 lbs. at 2 J miles an hour. 
This, he observes, is nearly equal to the power of 
six horses ; but, as the machine was working on a 
railway with an incline of 1 in 36, he calculated 
that it performed the work of 4 horses, and for 
which it was amply powerful. He also remarked 
that, with respect to the advantage of this ma- 
chine, and the various purposes to Vhich it was 
applicable, much might be said ; that it was a most 
simple and easy substitute for horses, particularly 
for conveying heavy materials on railways, or 
even waggons on turnpike roads. 
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Such is a description, as given by the inventor, 
and it is singular to observe so much ingenuity 
and mechanical skill displayed in trying to perfect 
so complicated and extravagant a machine. 



TINDALL AND BOTTOMLY'S PLAN. 

The next account of an invention for reducing 
the expense of carriage on railways and other 
roads, emanated from Messrs. William Tindall and 
John Bottomly of Scarborough, in the form of a 
communication to the Society of Arts, dated June 
4. 1814. They proposed that a rotatory motion 
should be given to wheels of carriages fixed to 
the axles by means of an endless chain passing 
over toothed wheels and grooved pulleys fixed on 
some convenient part of the axle of the wheels, 
and under and nearly round a toothed pulley 
turned by the power of the engine, which car- 
riages were \o be kept at proper or suitable 
distances by means of bars of iron, which served 
as joints. The chain was composed of circular 
and oval links placed alternately; the pulleys were 
toothed to suit the circular links, the indentations 
by which the teeth are produced being nearly 
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semicircular. Intermediate pulleys were to be 
used, chiefly to press down the chains on the 
larger portions of the circumference of the other 
pulleys, or the axles of the wheels, which might, 
without inconvenience/ be made of various sizes. 
The slack chain was hung over pulleys fastened 
to the arbor of the intermediate pulleys, but 
loose pulleys sufficed. They proposed a break 
to be used for descending planes. 



SLOW PROGRESS OP INVENTION. 

The absurdity of such propositions may now 
appear extraordinary; but those who know the 
difficulties which so often practically exist in 
making experiments, and the great outlay these 
involve, will be inclined to make every allowance 
for practical men, and it should induce those 
having the power and means to aid in trying, 
and not discouraging ingenious suggestions. By 
doing so, many years, perhaps, in the progress of 
useful improvements might be gained. The in- 
ventive genius of mankind does not appear to 
have advanced by hasty strides. Knowledge 
seems not to have been attained in the progress 
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of years, but rather that of centuries. The re- 
finements of science and the achievements of art 
seem to have been gained like the slow gatherings 
of the gleaner. Successful invention, however, 
in some instances may be* compared to a ray of 
light bursting on the tunnel's darkness ; — how 
beautiful and distinct is the object when revealed ! 
When the mystery is gone and the enigma is 
solved, how many then can lay hold of and suc- 
cessfully follow out the suggestion, heedless of 
those who, with blighted hopes, have laboured at 
it in vain ! 



blacket's experiments. 

About the year 1814 it became known that 
the progressive motion of the carriage neither 
required racks nor chains, to which, it appears, 
the failure of Trevithick's engine had been im- 
puted. This fact, so essential in the science of 
locomotion, was proved by experiment on the 
Wy lam railroad, for which Mr. Blacket of Wylam 
had an engine made in 1813, on Mr. Trevithick's 
plan, working on a plate rail, the friction of 
which would aid the experiment. He found that 
the adhesion on it was sufficient in ordinary gra- 



Stephenson's locomotive engine. 221 

dients to make the wheels more onwards drag- 
ging a load of considerable weight. Mr. Blacket 
afterwards improved his engines and ascertained 
the quantity of adhesion. It is surprising how 
it should have been so long before this was ascer^ 
tained. It is probable the error originated in the 
want of sufficient weight in the carriages experi- 
mented with ; for of course it is now known that 
the adhesion or bite of the wheel is regulated by 
the pressure, and in proportion to the weight 
resting on the smooth surface, and to the extent 
of the surfaces in contact, or, in general terms, it 
may be said, that the bite of the wheel on the 
iron rail depends much on the weight of the 
carriage. 

Stephenson's killingworth locomotive. 

The next locomotive engine was constructed 
about this period by Mr. George Stephenson, at 
Killingworth colliery, and was tried on the rail-i 
road there in 1814. It was considered a great 
improvement on the previous one. It was found 
to drag eight loaded carriages, about 30 tons, 
at the rate of four miles an hour. It had 
two vertical cylinders, each of 8 inches diameter, 
and two feet stroke placed at each end of and 
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within a cylindrical boiler, having a tube of 20 
inches passing through it Two pair of wheels 
were worked with cranks placed at right angles, 
which were retained in their position by means of 
an endless chain passing round two cogged wheels. 




Fig. 49. 

Fig. 49. shows the mode by which motion was 
communicated to the carriage wheels ; a a, are the 
wheels ; b b, the carriage frame ; a 9 b 9 c, d, con- 
necting rods, giving the motion from the piston to 
the cranks, which turn the two cog-wheels, e,f\ 
these again turn the two larger cog-wheels kk fixed 
in the axles, and move the carriage wheels. 

This plan of connecting the wheels was soon 
found inconvenient; and to obviate the defects, 
Mr. G. Stephenson and a Mr. J. Dodd took out a 
patent in 1815 for a method of communicating 
the power to the engine without those cog-wheels. 
One plan proposed was the application of a pin 
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upon one of the spokes of the engine wheels ; the 
connecting rod fixed to the cross beam of the 
engine, and moving with the piston, being at- 
tached, at the lower end, to the spoke of the 
wheel, and working in a ball and socket joint* 
The reciprocating motion of the piston was thus 




Fig. 50 
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converted, by the pin acting as a crank, Into a 
rotatory motion. 




Fig, 51. 

Fig. 50. page 223. represents the side, and Jig m 
51. the end elevation of this engine; a 9 J, c, d 
are the connecting rods, attached at their lower 
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ends, by c 9 to the pin fixed on the spokes of the 
wheels a b. 

To keep the cranks at right angles with each 
other, the patentees used a kind of endless chain, 
consisting of one broad and two narrow links, 
which lay upon or passed over a toothed wheel, 
fixed to each axle, as shown in the figure. The 
principle of action of this was very similar to the 
plan proposed of giving motion to the wheels of 
carriages by Messrs. Tindall and Bottomly. The 
periphery of the wheels fixed on the axles being 
furnished with cogs or teeth, projecting about an 
inch, these teeth entered between the two narrow 
links, and had a broad link between every two 
cogs, resting on the rim of the wheel, which 
caused the chain to move round with the wheel, 
and prevented one wheel being moved without 
the other. 

Mr. G. Stephenson may be considered to be 
the first who successfully used locomotive engines. 
It has, indeed, been stated that he had remarked, 
in 1814, that if the wheels of carriages could be 
made to have sufficient adhesion on the rails, 
there was no limit to the speed such an engine 
could go at, provided the works could be made to 
bear the action. This opinion has, indeed, been 
corroborated by the events of subsequent years; 
Q 
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but the locomotive engine had a long course of 
probation to undergo before it reached any degree 
of perfection. 



lo8h and Stephenson's patent. 

The next attempt at improvement on it 
wliich Mr. Stephenson made was part of 
Messrs. Losh and Stephenson's patent in 1816. 
The improvement they aimed at is distinctly 
stated in the specification of their patent to be, 
"sustaining the weight, or a proportion of the 
weight of the engine upon yi&tons, movable 
within the cylinders, into which the steam or 
water of the boiler is allowed to enter, in order 
to press upon such pistons, and which pistons are, 
by the intervention of certain levers and connect- 
ing rods, or by any other effective contrivance, 
made to bear upon the axles of the wheels of the 
carriage upon which the engine rests." 

Fig. 50. page 223. eee show the cylinders placed 
within the boiler, one side being supposed removed 
to expose them to view : ggg are solid pistons, 
fitting the interior of the cylinders, and packed 
in the usual way. The cylinders are open at the 
bottom, and were screwed upon the frame of the 
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engine. The piston was furnished with an in- 
verted rod, the lower end of which passed through 
a hole in the frame, and supported the engine, 
and pressed upon the chair which rested on the 
axis of the wheels upon which the carriage moved. 
The chair had motion up and down with the 
piston rod. The pressure of the steam upon the 
piston transmitted the weight to the axle, and the 
reaction took an equal weight from the engine. 
Supposing the area of the cylinders and pressure 
on the piston to be equal to the weight of the 
engine, the latter would be supported, as it were, 
by the steam, thus making the steam serve the 
purpose of an elastic spring. When four wheels 
were used the weight was equally divided upon 
them ; but when six wheels were used, as shown 
in the figure, only one frame was required for the 
carriage, which simplified the construction. This 
invention, like many others, aimed at too much, 
was too complicated, and not sufficiently precise 
to be of much use. 
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STEAM POWER ON TURNPIKE ROADS. 

Notwithstanding the efforts which had been 
made in constructing locomotive engines, still, in 
the years 1814 and 1815 travelling by the chemin 
defer seemed a long way off. About this period, 
and extending over several years, the idea seems 
to have been prevalent that steam power could 
be advantageously applied to moving carriages 
on turnpike roads, and consequently much skill 
and capital were spent in the next to fruitless 
attempt to bring these inventions into successful 
operation. It is interesting to observe how much 
progress had been made in this branch of loco- 
motion. The subject has been so fully treated on 
by others, that a simple glance at it will suffice. 
Several years ago an opinion favourable to the 
rotatory principle of the steam engine invented 
bjr the Earl of Dundonald for steam carriages 
was entertained ; and although this has not yet 
realised the expectations, nevertheless, according 
to trials made at Portsmouth dock-yard by Mr. 
Taplin, considerable success has attended the 
experimental use of the rotatory engine for 
stationary purposes, although it has not yet been 
sufficiently tested otherwise. 
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It appears that the idea of constructing a steam 
carriage adapted for turnpike roads was long 
entertained by various persons ; among others, by 
James Watt, in 1769, to whom almost every 
suggestion as to the application of steam power 
seems to have occurred. Watt, in the history of 
his own improvements, states, that in 1759 the 
idea originated with the late Professor Robison, 
then a student at Glasgow, of using steam power 
for locomotion. The idea to use steam for this 
purpose also occurred to Evans in America. 
Mr. Trevithick, in 1802, was the first, however, 
who tried, in Britain, to construct a steam car- 
riage suitable for a turnpike road. Mr. Griffiths 
tried it in 1821, and Mr. David Gordon in 1824. 
Messrs. J. and S. Seaward, Messrs. Hill and 
Burstall, Mr. Hancock, Mr. J. S. Russell, and 
others likewise, tried it ; but of all the projectors 
none seems to have been so successful as Mr. 
Goldsworthy Gurney. He obtained a patent for 
his steam carriage in 1827, and in 1829 had 
brought it to such perfection that he was enabled 
to ascend with it the highest hills round London, 
and travelled from London to Bath and back. In 
1831 one of his steam carriages ran about four 
months on the road between Gloucester and 
Cheltenham. 

Q 3 



230 AlXAJf CARRIAGES OX TURXPrKU BOADS. 

The obstruction* which Mr. Gurney met with 
in a«ing his carriage on turnpike roads induced 
him to petition Parliament, and a committee of in- 
quiry wad appointed. Much evidence was adduced, 
which is only now so far interesting as marking 
an epoch in the science of locomotive travelling. 
The purport of the opinion of the committee in 
1831, strange as it may now seem, was favourable 
to steam carriages on public roads, reporting on 
the practicability of working such with saving 
to the public, great increase of speed, and perfect 
safety. 

The success of Mr. Gurney's steam carriage 
led to the formation, in Scotland, about this 
period (1834;, of a steam carriage company for 
turnpike roads. The carriages commenced to ply 
regularly between Glasgow and Paisley, when an 
unfortunate accident occurred, in 1835, attended 
with considerable loss of life from the explosion 
of one of the steam boilers, which made this 
attempt to introduce steam carriages on public 
oads as abortive as other attempts had proved. 
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PROGRESS OP THE SCIENCE OP LOCOMOTIVE 
ENGINES IN 1825. 

But a new era was about to dawn on the 
science of locomotion. Railways, till that great 
work, the Liverpool and Manchester Railway, was 
undertaken, were chiefly, as has been noticed, of 
a local character, and not applied to supersede the 
ordinary conveyances. Perhaps the first great 
scheme of railway transition was proposed in 
1823, namely, a railway from London to Edin- 
burgh, and all the manufacturing towns. A 
pamphlet of the scheme was published, without 
the author's name, in London, 1823, entitled 
"Observations on a General Iron Railway for 
improving the internal Communication of these 
Kingdoms, and forming a Railway from London 
to Edinburgh, passing near or having branches to 
all the principal Towns." 

In 1825, Mr. Wood gives the standard of the 
performance of a locomotive engine, at that time, 
as 40 tons, moved at the rate of 6 miles an hour 
upon a horizontal edge railroad. 

He stated, assuming 150 lb. as the amount of 
a horse's power, he will draw 10 tons on a railway 
q 4 
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with the same ease that he could draw 27 cwt. 
on a common road, travelling 2£ miles an hour, 
while a locomotive could drag, going at 6 miles 
an hour, 45 tons, exclusive of carriages. Mr. 
Wood also stated, in 1825, "that nothing could 
do more harm towards the adoption of railroads 
than the promulgation of such nonsense as that 
we shall see locomotive engines travelling at the 
rate of 12. 16. 18. and 20 miles per hour." 

It may be thus seen that the locomotive engine 
had not made great advancement, at that date, 
from the period when Mr. Stephenson and Mr. 
Dodd had taken out their patent in 1815. Still, 
the main obstacle having been removed, and the 
principle of adhesion understood, sufficient data 
had been obtained : — thus, on a machine of 
5 tons weight, on four wheels, the adhesion 
was found equal to 5 cwt., and the amount of 
power being ascertained necessary to overcome the 
adhesion of the wheels to the rails when the 
wheels were fixed to the axle, few obstacles, 
therefore, existed to the progressive improvement 
of locomotives. Accordingly, Mr. Stephenson 
gradually improved on his plan, and upon the 
Hagger Leases Lane branch of the Stockton and 
Darlington Railway he had an opportunity of 
testing, on a large scale, the effect of locomotive 
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engines, which have since acquired such extraordi- 
nary powers of velocity. The system was first 
brought to the test on this railway, which was 
opened on the 17th of September, 1825. The 
Stockton and Darlington Railway was the first 
public railway, perhaps, in the world, where this 
powerful mode of transit was carried successfully 
into effect. But, about this period (1824), the 
Hetton Colliery Railway was likewise worked by 
steam power. 

ENGINE, AS LONG USED UPON THE KILLING- 
WORTH RAILROAD. 

The following is a description of an engine 
which was long in use at Killingworth Colliery 
Railroad, and which continued to be used, without 
material alteration, till the year 1829, which 
affords the means of judging of the actual state 
of advancement which the locomotive system had 
attained at that period. Fig. 52. represents a side, 
and Jig. 53. an end, elevation. 

The boiler of the engine was made of malleable 
iron, cylindrical, with hemispherical ends ; having 
a cylindrical tube passing through it within 2 
inches of the bottom. In one end of this tube 
the fire grate was placed, and at the other end 
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the chimney. The boiler rested upon a square 
frame, supported by springs (a a), two on each 




Fig. 52. 

side. The chairs on which the axles rested were 
made to slide up and down within the guides (b b) 9 
and the action of the springs was communicated 
to them by a pin passing through a hole in the 
frame of the engine, one end of the pin resting 
on the back of the spring, and the other end on 
the upper side of the chair or bearing. The 
wheels were thus made to yield to the inequality 
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of the road. The cylinders were placed vertically, 
and partly within the boiler at A A. The piston 




Fig. 53. 

rods were attached to the cross beams B B, CC. 
The rectilinear motion of the piston rod was 
preserved by the slides (s s s s) fixed to the pro- 
jecting arms (c c), and kept perpendicular by the 
braces (d d). The connecting rods (b c, C d) were 
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attached to the cross beams by ball and socket 
joints, and at the other end by similar joints to 
a pin fixed upon one of the spokes of the engine 
wheel (d d). The pins projected outwards, and 
upon one of these pins, on each side, a crank (*>f) 
was fixed, within which the connecting rod of the 
pistons worked, as shown in the end view. A rod 
(fg d) fixed at one end to the crank and at the 
other to the pin in the wheel of the other cylinder 
connected the whole together, and kept the pistons 
always in the same position with respect to each 
other ; and the rod, being keyed fast at each end, 
prevented any slipping of the wheels without the 
whole partook of the motion. The wheels of the 
engine were 4 feet in diameter, the spokes made 
of cast iron, and the axles of wrought iron, 3£ 
inches in diameter. The steam was communicated 
from the boiler to the cylinder through a passage, 
the area of which was regulated by a sliding lever, 
or handle, which regulated the velocity of the 
engine. The steam, after being admitted to the 
top and bottom of the cylinder by a sliding valve, 
escaped by the pipe (r r) into the chimney. The 
slide valve was opened and shut by an eccentric, 
connected to the lever f g k, communicating 
motion to the arm i k, through it to the lever k /, 
to the rod / m, to the cross head m n, and so to 
the rod n o, of the sliding valve. 
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The boiler was supplied with water by a force 
pump P, which was fixed to the side of the 
boiler, and worked by a rod t. p is the man-hole 
door to get access to the boiler ; v is the safety 
valve, with the weight w to regulate the pressure. 

The performance of this engine in 1829, 
weighing with the tender (the carriage which 
accompanies a locomotive engine with the supply 
of water and fuel), about 10 tons, was equal to 
convey 10 tons at the rate of six miles an hour, 
the evaporating power being equal to 15 gall, of 
water per hour. 

Notwithstanding the work which the loco- 
motive engines at this period could perform, 
fixed engines were generally preferred, and many 
powerful engines were in use for working in- 
clines, as has previously been pointed out at the 
colliery railroads in England and Scotland. It is 
necessary to keep this in view, as it may tend to 
explain the report which was given in upon the 
Liverpool and Manchester Railway ; for, although 
the importance of locomotive engines was gra- 
dually becoming to be more estimated, still the 
knowledge respecting them was very limited and 
confined within a narrow range ; and they were 
generally considered at that time as less efficient 
as a prime mover than fixed steam engines. 
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PROJECTION OF THE LIVERPOOL AND MAN- 
CHESTER RAILWAY. 

The greatest railway which had been under- 
taken in this country up to this period was the 
Liverpool and Manchester. The idea of its 
formation most unquestionably originated four 
years previous to the act being obtained in 1826, 
with the late Mr. William James, to whom the 
railway system of this country is so much in- 
debted, while he himself reaped little or no 
benefit from his valuable suggestions.* To him 
likewise is due the projection of the London and 
Birmingham railway. Mr. James had witnessed 
the operations of the locomotive engine around 
Newcastle on Tyne, and communicated his senti- 
ments on the subject to Mr. Saunders of Liver- 
pool, and impressed him so much with the feasi- 
bility of applying this plan of railway traction, 
that Mr. Saunders, to whom the honour of being 
father of the undertaking has been given, had a 
survey made of the line at his own expense. 

The Liverpool and Manchester Railway, at 
first met with considerable opposition in par- 

* A subscription has lately been got up in England for a 
bute to the memory of Mr. James. 
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liament. It was resolved, July 1825, that Messrs. 
G. and J. Rennie should be the engineers. Messrs. 
Rennie, from some cause or other, retired, and 
Mr. George Stephenson, who had been appointed 
resident, 20th of May, 1824, was elected principal 
engineer, 29th of May, 1826. At that period, 
and during the progression of the work, and as 
it drew towards completion, both the directors 
and the engineers turned their attention to the 
moving power to work it : but so little, how- 
ever, was really known, either as to the capa- 
bilities of railways, or the most advantageous 
mode of working them, that when the line was 
proposed, the transport of heavy goods was con- 
sidered to be the chief source of revenue of the 
line : neither was the prime mover to work it 
fully decided upon till it was nearly completed ; 
demonstrating, beyond a doubt, how little was 
really known of the power or advantages of 
locomotive engines. That horse power was not 
suitable for an extensive traffic with considerable 
velocity, was admitted ; and, although the Stock- 
ton and Darlington line had done much to show 
the capabilities of locomotive power, it became a 
question of some difficulty for the directors to 
decide on the comparative merits of locomotive 
and fixed engines. Different opinions were of 
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course given to the directors on the rather per- 
plexing point of the motive power. One of 
the first decided opinions that I have met with, 
on the mode of working the line, emanated from 
Mr. C. Sylvester, C. E., in a Report on Kail- 
ways and Locomotive Engines, addressed to the 
Committee of the Liverpool and Manchester 
projected Railroad, dated November, 1824, and 
published in Liverpool in 1825. Mr. Sylvester 
had made an examination of the engines at Kil- 
lingworth and Hetton collieries, the latter being 
one of the first railways where steam power was 
adopted, and found "that a locomotive could move 
up a plane, a little more than an eighth of an inch 
to a yard; but beyond that the wheels turned and 
made no progress : " but he stated that the advan- 
tages of a railroad on which locomotive power 
was used were so striking, that it was a matter of 
surprise to him this mode of conveyance had not 
been resorted to earlier. " The adoption, how- 
ever, was now inevitable, and when applied in 
proper places and under judicious management, 
it could not fail of becoming highly beneficial to 
the public." He recommended the locomotive 
steam engine as the most economical power for 
every part of a railway in which the rise is not 
more than one tenth of an inch to the yard ; and 
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stated that, in examining the Liverpool and Man- 
chester intended line, he found the greatest rise, 
and that only in one instance, to be not more 
than one twenty-third part of an inch to the 
mile. Mr. Sylvester also states, that " since com- 
mencing my report, the principles I have laid 
down have been given in a newspaper called the 
' Scotsman/ in which the author speaks of it as a 
new idea, at least as applied to railways, although 
it is founded on facts long ago given by Coulomb 
and Vince. Whatever may be the claim to origi- 
nality, in this application, I have at least an equal 
claim to originality with that author, as my 
Introduction, which developes these principles, 
was read by several of my Mends before the 
above article was made public." 

The communication to which Mr. Sylvester 
refers in the " Scotsman," were certain papers on 
Railways written by Mr. C. Maclaren, editor of 
that paper, and published in December 1824. In 
these articles Mr. Maclaren brought forward and 
supported the views of Coulomb and Vince, with 
respect to friction and volition, namely, that the 
friction is the same for all velocities, which had 
been overlooked by other writers ; and that it fol- 
lowed, from this law — subtracting the resistance 
of the air — that if a car were set in motion on 

R 
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a level railway, with a constant force, greater in 
any degree than was required to overcome the 
friction, it would proceed with a motion con- 
tinually accelerated ; and that it is only the re- 
sistance of the air, increased as the square of the 
velocity, that prevents this indefinite acceleration. 
The papers of Mr. Maclaren display much ability ; 
and, at a time when so little was really known of 
any other impelling agent for railways than the 
draught of horses. Mr. Sylvester's views were, 
however, founded on practical observations; and 
the very decided manner in which he gives his 
opinion in favour of locomotive engines, when so 
much dubiety existed about an invention which 
has since awaken mankind from comparative tor- 
pidity to active volition, shows that he had 
formed a correct estimation of its utility. 

Mr. Sylvester's able report probably had some 
influence on the Board of Directors of the Liver- 
pool and Manchester Railway ; for we find three 
years afterwards, October 1828, a deputation of 
the directors visited the different railways where 
steam power was used, as the Hetton, Darlington, 
and Newcastle Railways, for the purpose of ob- 
taining information : and Mr. Booth states in 
his pamphlet that several of the directors became 
favourable to the adopting the locomotive power 
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of traction. At length, when the railway drew 
towards completion, Messrs. Walker and Rastrick, 
engineers, were engaged by the company to visit 
the various local railways, and to obtain practical 
information respecting the comparative effects of 
stationary and locomotive engines. The reports 
of these engineers were published separately at 
the time, March 1829 ; but they both concurred 
in opinion that fixed engines were preferable to 
locomotive ones, and accordingly recommended 
their adoption. They proposed the fixed engines 
to be placed at intervals of a mile or two along 
the line of railway, and to draw the trains by 
means of ropes from station to station. 

Mr. George Stephenson, the company's engi- 
neer, and Mr. Joseph Locke, were also requested 
to report on the subject of the motive power. 
The purport of their report was, that Mr. G. 
Stephenson was decidedly, as he had uniformly 
been, in favour of locomotive engines, which he 
was confident would be found the most convenient 
power that could be employed, and it is stated 
that when he was examined before a Committee 
of the House of Commons, in 1828, his claim to 
credibility was almost doubted when he spoke of 
locomotive engines going at a greater speed than 
10 miles an hour. 

B 2 
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EXPERIMENTS — LIVERPOOL AND MANCHESTER 
RAILWAY. 

The Directors of the Liverpool and Manchester 
Railway eventually resolved to adopt the loco- 
motive principle of traction; and the idea ori- 
ginated with Mr. Harrison, one of the directors, 
to offer a premium for the best engine which 
could fulfil certain conditions. The directors, 
therefore, on the 25th of April, 1829, offered the 
sum of 500L The chief stipulations were — 

1. That the engine must "effectually consume its own 
smoke," according to the provision of the Railway Act, 
7 Geo. IV. 

2. The engine, if it weighs six tons, must be capable of 
drawing after it, day by day, on a well constructed railway, 
on a level plane, a train of carriages of the gross weight of 
twenty tons, including the tender and water-tank, at the 
rate of ten miles an hour, with a pressure of steam on the 
boiler not exceeding 50 lb. per square inch. 

3. There must be two safety valves, one of which must 
be completely out of the control of the engine man, and 
neither of which must be fastened down when the engine is 
working. 

4. The engine and boiler must be supported on springs, 
and rest on six wheels, and the height from the ground to the 
top of the chimney must not exceed 15 feet. 

5. The weight of the engine, with its complement of 
water, must not exceed six tons, and a machine of less weight 
^ill be preferred if it draw after it a proportionate weight ; 



COMPETITION EXPEBIMENTS. 245 

and if the weight of the engine, &c. do not exceed five tons, 
then the gross weight to be drawn need not exceed fifteen 
tons, provided that the engine, &c. shall still be on six wheels, 
unless the weight be reduced to four and a half tons or under, 
in which case the boiler, &c. may be placed on four wheels. 
And the companj should be at liberty to put the boiler, the 
fire-tube, cylinders, &c. to test at a pressure not exceeding 
150 lbs. per square inch, &c. 

6. There must be a mercurial guage affixed to the ma- 
chine, with index rod, showing the steam pressure above 
45 lbs. to the square inch. 

7. The engine to be delivered, complete for trial, at the 
Liverpool end of the railway, not later than the 1st of 
October, 1829. 

8. The price of the engine which may be accepted not to 
exceed j£650, delivered on the railway. 

N.B. The railway company will provide the engine ten- 
der with a supply of water and fuel for the experiment. 
The distance within the rails is 4 feet 8£ inches. 

Such was the proposal which led the way to 
those important improvements which the loco- 
motive engine has attained. The conditions seem 
to have been drawn up with as much consideration 
as the imperfect knowledge of the subject, at that 
time, permitted. But the main point brought 
out was — that engines, for such a purpose, must 
possess lightness, compactness, and perfect safety 
with speed. The condition of fixing as the mini- 
mum 10 miles an hour, evinces how little was 
really known of the capabilities of the locomotive 
powers of traction, still it did not preclude the 

B 3 
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competitors from trying their skill in increasing 
the velocity. 

The stimulus of a premium had the effect anti- 
cipated in obtaining a competition, for several able 
manufacturing engineers turned their attention to 
the subject, which led to the development of the 
principle upon which a moveable engine should 
be constructed to be successful. 

The 6th of October, 1829, was the day fixed 
for the trial ; and the directors, to assist their own 
judgment in coming to an impartial decision on 
the merits of the engines which might be pro- 
duced, appointed as judges, Mr. J. W. Rastrick 
of Stourbridge, Mr. Kennedy of Manchester, 
and Mr. Nicolas Wood, C. E., of Killingworth. 

In order still further to ascertain the compara- 
tive merits of the competing engines, to subject 
them to a practical test, and to point out the mode 
in which the experiments were to be conducted, 
the judges drew up the following (among other) 
regulations : — 

1. That the weight of each locomotive, with its full com- 
plement of water in the boiler, should be ascertained at the 
weighing of the engine at 8 o'clock in the morning on the 
day of trial, and the load assigned to it shall be three timet 
the weight thereof. The water in the boiler shall be cold, 
and there shall be no fuel in the fire-place. As much fuel 
shall be weighed and as much water shall be measured and 
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delivered into the tender-carriage as the owner of the 
engine may consider sufficient for the supply of the engine 
for a journey of 32 1 miles. The fire in the boiler shall then 
be lighted, and the quantity of fuel consumed for getting 
up the steam shall be determined and the time noted. 

2. That the tender-carriage, with the fuel and water, 
shall be considered to be, and taken as part of the load 
assigned to the engine; those engines carrying their own 
fuel and water shall be allowed a proportionate deduction 
from their load according to the weight of the engine. 

3. The engine and carriages attached to it shall be run 
by hand up to the starting-post, and so soon as the steam is 
got up to 50 lbs. per square inch, the engine shall start upon 
its journey. 

4. The distance the engine shall perform each trip shall 
be one mile and three quarters each way, including one-eighth 
of a mile at each end for getting up the speed and for stop- 
ping the train. By this means the engine, with its load, will 
travel one and a half mile each way at full speed. 

5. Each engine shall make ten trips, which shall be equal 
to a journey of thirty-five miles, which shall be performed 
at full speed, and the average rate of travelling shall not be 
less than ten miles per hour. As soon as the engine has per- 
formed this task — which will be equal to the travelling 
from Liverpool to Manchester — there shall be delivered to 
her a fresh supply of fuel and water," when she shall go 
up to the starting-post and make other ten trips — which 
will be equal to the journey from Manchester back to 
Liverpool. 

6. The time of performing each trip shall be accurately 
noted, as well as the time in getting ready to start on the 
second journey ; and should the engine not be enabled to 
take with it sufficient fuel and water for a journey of ten 
trips, the time occupied in taking in a fresh supply shall be 
considered as part of the time performing the journey. 

b 4 
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In accordance with these regulations, and some 
additional ones by the directors, the engines were 
to be in readiness at ten o'clock on Tuesday, the 
6th of October, 1829. The running ground was 
a part of the railway on the Manchester side of 
Rainhill Bridge, and no person but the directors 
was to be permitted to enter or cross the railroad. 

The ground fixed on at Rainhill was a level 
piece of road, about two miles in length, and 
about ten miles from Liverpool, on the top of the 
Whiston and Sutton inclined planes, between 
Hayton Lane and St. Helen's junction. 

On the day appointed, four engines entered for 
the prize : — 

The Rocket - Mr. Robert Stephenson. 

The Novelty - Messrs. Braithwaite and Erickson. 

The Sans Pareil - Mr. T. Hackworth. 

The Perseverance Mr. T. Burstall. 

One of these engines, the Perseverance, having 
met with an accident in its conveyance to Liver- 
pool, was withdrawn at the commencement of 
the experiments, so that the contest lay between 
the three first. 

After preparing the engines for the contest, 
and exhibiting their powers to the company as- 
sembled, the judges then came to the deter- 
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urination that each engine should be tried on 
different days, the ground being marked off. An 
eighth part of a mile at each end of it was allotted 
for starting and stopping, and, on the intermediate 
level space of a mile and a half, the engine was 
to proceed at its full speed, and the rate of 
velocity was to be ascertained by one of the 
judges being stationed at each end of the ground 
to mark the time taken in traversing and reaching 
the extremities, the engine dragging the train the 
one way, and pushing it before it the other. 
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The Rocket being first ready, was first put on 
trial. It weighed as follows : — 

tons, cwt qrs. lbs. 

Engine, with a supply of water in the boiler, 4 5 
Tender, with water and coke, - - - 3 4 
Two carriages, loaded with stones, - - 9 10 3 26 

Total weight when set in motion - 17 

Fig. 54. represents a side view of the engine 
and end view of the boiler. A is the boiler, with 
flat ends, 6 feet long, 3 feet 4 inches diameter ; 
at one end of it is the fire-box B, which is double, 
as shown in cross section. The size of the fire- 



250 



BOCKET ESGIKE. 




DESCRIPTION OF SOCKET ENGINE, 251 

box was 3 feet long, 2 feet broad, and about 3 feet 
deep ; at the bottom of it the fire-bars (F) were 
placed. It was supplied with water by the pipe 
(C) on the under side communicating with the 
boiler, and another pipe (D), at the top permitted 
the steam to pass into the boiler. The upper half 
of the boiler was used as a reservoir for steam, 
and the lower half filled with water. The waste 
steam from the two cylinders escaped into the 
chimney by the pipes (E), shown over the boiler 
in order to produce a draft. 

Through the lower part of the boiler 25 copper 
tubes, 3 inches in diameter, extended longitudi- 
nally, opening at one end into the fire-box and at 
the other end into the bottom of the chimney. 
There were two cylinders placed diagonally on 
the outside of the boiler, one of which is seen in 
the cut. The pistons of the cylinders were 
8 inches in diameter, with a stroke of 16£ inches. 
The cross heads of the pistons worked in guides, 
and by means of connecting rods transferred the 
motion in a very simple and effectual manner to 
one pair of large wheels, 4 feet 8£ inches in 
diameter, the pistons being so arranged in the 
usual manner that while one was in the middle 
of its stroke the other was at the end of the 
cylinder. 
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From the sketch it will be observed that the 
boiler, which shall afterwards be more particularly 
noticed, differs entirely from those of the locomo- 
tive engines previously described, as there are 
several tubes, instead of one large flue through 
the boiler, for the purpose of raising steam more 
rapidly by having a larger surface of heated metal 
in contact with the water. 

From the exposed inclined position of the 
cylinders on the outside of the boiler, a great 
disadvantage arose from the loss of heat and con- 
sequent diminished power of the steam, although 
it had the advantage that the machinery inter- 
fered less with the play of the springs ; in making 
their engines, however, subsequently, the cylin- 
ders were placed horizontally in a chamber under 
the boiler, or in the smoke-box. 

The area of surface of the boiler exposed to the 
direct action of the fire, or the radiant heat in the 
fire-box or furnace, was 20 square feet ; the sur- 
face exposed to the flame, or heated air from the 
furnace, which has been termed communicative 
heat, was 117*8 square feet, and the area of the 
grate bars was 6 square feet. The nuisance from 
smoke was avoided in a great degree by using 
coke for the fuel, but there was no plan or pro- 
vision made for consuming the smoke. 
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The result of the experiments made on the 
Rocket was as follows : — The engine was taken 
to the extremity of the stage, the boiler being 
quite cold. The fire-box was then filled with 
coke, and the fire lighted. The time was observed 
which it took to raise the safety valve at a pres- 
sure of 50 lbs. on the square inch, which was 57 
minutes. When the steam was at this pressure, 
which was at 10° 36' 5" o'clock, the engine started 
from the west extremity of the stage, and arrived 
at the same place, after performing ten trips, or 35 
miles, including the one eighth at each end for 
starting and stopping, at 1° 48' 38" o'clock. The 
total time occupied was 3° 1 V 48" ; and the time 
taken in going 30 miles at full speed was 2° 14' 8", 
being equal to 13 t 4 q miles per hour. In the second 
experiment the total time occupied was 2° 57' 9", 
and the time in going 30 miles at full speed 
2° 6' 9", being equal to 14/^ miles per hour. 
The maximum velocity was above 1 9 miles in the 
first journey and 20 miles in the second journey, 
and the minimum velocity in the first journey was 
11 T 4 T and in the second 13 miles. The greatest 
rate of motion attained was in the last eastward 
trip of 1^ miles, which was performed in 3' 44", 
being at the rate of 29£ \niles per hour. 

The eastward trip is to be taken as the per- 
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formance of the engine, as, in going east, the en- 
gine dragged the carriages after it, whilst, in 
going west, it pushed them before it; the former 
were invariably performed in less time. Taking 
the eastward trips, the average speed, conveying 
17 tons, was 15 miles an hour. 

The quantity of coke consumed in the two 
experiments was 1085 lbs., which, for 70 miles, 
including the engine and tender, is 0*91 lb»; 
exclusive of ditto, 1*63 lb. per ton per mile. 

The quantity of water used was 579 gallons, or 
92 # 6 cubic feet. 

For each cubic foot evaporated, the fuel con- 
sumed was lly 4 ^ lbs. of coke, and the evaporating 
power of the engine, per hour, was about 18*24 
cubic feet of steam. 
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The Sans Pareil of Mr. Hackworth was the 
next engine experimented with. This engine was 
not unlike Trevithick's. It had two cylinders of 
seven inches in diameter with eighteen inches' 
length of stroke. One vertical cylinder was placed 
on each side of the boiler, and directly under 
them one pair of the carriage wheels; both the 
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pistons of the cylinders worked the same axle. 
The two pairs of wheels were coupled together 
by connecting rods in order that the adhesion of 
the whole might be taken advantage of; — a 
plan which has since been advantageously made 
use of. 




Fig* 55, 
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Fig. 56. 



Fig. 55. represents the side elevation of the Sans 
Pareil, and fig. 56. the ground plan of the boiler. 

The principle of raising the steam was the same 
as that of the Rocket, namely, by the chimney 
acting as an exhausting power in keeping up the 
combustion of the fuel, and the steam from the 
cylinders being ejected into the chimney. The 
boiler was of a cylindrical form, about four feet 
two inches in diameter, and six feet long, having 
one flat and one round end. The steam was 
generated in the double tube b b> which passed 
from one end of the boiler (a) to the other, re- 
turning to the fire grate, which was placed at the 
same end as the chimney c. The tube b b projected 
about three feet from the end of the boiler, having 
a casing surrounding the tube for increasing the 
area of heating surface, and to admit a sufficiency 
of air to pass through the fire-grate. The tube 
was two feet diameter at the fire, decreasing to 



EXPERIMENTS WITH THE SANS PABEIL. 257 

fifteen inches in diameter at the chimney. The 
grate-bars were five feet in length, and the area 
of surface radiating caloric or that surface exposed 
to the direct action of the fire was 15*7 square 
feet, and the area in contact with heated air or 
communicative heat was 74*6 square feet, the area 
of the fire-grate was 10 square feet: the two 
former were much less than those of the Rocket, 
and the last larger. 

Tons cwt. qrs. lbs. 

The weight of the San9 Pareil was, with water, 4 15 2 
Tender, with water and fuel, - - - 3 6 3 
Three carriages, with stones - - - 10 19 3 



19 2 



This engine was tried in a similar manner to 
the preceding ; but the last experiment was not 
completed from the derangement of the engine- 
pump: but, so far as the trial was made, the 
result was inferior to the Rocket. 

At full speed ten miles were performed in 
50 ' 49 ", which was equal to 12 T 4 iy miles per 
hour. 

The maximum velocity in one trip was 16| 
miles per hour, and the minimum was 12£ ditto. 

The greatest velocity attained was in the fifth 
trip, when 1£ mile was traversed in 3' 59 ", being 
at the rate of 22£ miles per hour — whereas the 
s 



253 EXPERIMENTS WITII THE NOVELTY. 

Rocket had traversed the same distance in 3' 44", 
or at the rate of 29£ miles per hour. 

The consumption of coke was 692lbs. per hour, 
or 28'Slbs. for each cubic foot of water evaporated, 
being more than double that of the Rocket, and 
the evaporating power being equal to about 150 
gallons, or 24 cubic feet of water per hour. 

The coke used, including engine and tender, 
was 2 # 4 libs, per ton per mile; and exclusive of 
ditto, 4 # 2lbs. per ton per mile. 

It is estimated that the performance of this 
engine was 19£ tons, or 11 tons exclusive of en- 
gine and tender, conveyed at the rate of 15 miles 
an hour. 



EXPERIMENTS WITH THE NOVELTT ENGINE. 

The Novelty of Messrs. Braithwaite and Erick- 
son was tried on the 10th. It was a very light 
engine, and promised well till an accident to the 
boiler terminated the experiment. The principle 
was different from that of the other two, as the 
draught was produced by a blowing machine, the 
air being forced through the fire to produce the 
requisite draught. 

Fig. 57. is a side elevation of this engine, show- 
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ing steam generator or boiler, which was its pecu- 
liar novelty. 




And fig. 58. is vertical section of the same. 
A is the generator or boiler, arranged in the usual 
way, the lower part for water and the upper por- 
tion for steam ; connected with this was a hori- 
zontal recipient B, which being under the level of 
s 2 
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water in the upright generator, A, is always filled 
with water. The vertical tube C passes through 




the generator at the bottom ; it is enlarged for 
holding the fire-grate, F : the fuel was supplied at 
the top, and kept tight by sliding doors : the bot- 
tom of this tube, containing the fire-grate, was 
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closed, and the air was supplied through the tube 
E by the bellows D, which were worked by the 
engine, and sent the air to underneath the grate- 
bars for combustion. The air, after passing through 
the fire, was made to traverse a winding tube eee 9 
within the horizontal generator, and passed into 
the atmosphere through the pipe G. K is the 
cylinder which gave motion to one pair of wheels 
by means of a crank, the other being connected, 
when required, by a chain. 

H is a pipe through which the steam passed 
fromB into the steam chamber. The principle of 
operation being that the air was forced through 
the fire with velocity, and the heated air and 
flame forced along the winding tube. The area 
of the grate-bars was only 1*8 square feet. The 
surface of radiating caloric was about 9*5 square 
feet, and the area of communicative heat by 
means of the traversing tube about 33 square 
feet. 

The weight of the Novelty was as follows : — 

Tons cwt. qrt. lbi. 
Engine, with water in the boiler - - 3 1 
Tender, with water, and fuel - - 16 14 
Two carriages, loaded with stones - 6 17 

10 14 14 

The steam having been raised to 50lbs. pressure 
s 3 
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on the square inch, it was tried in a similar way 
to the Rocket. After several attempts made to 
run the engine, but which were unfortunately 
unsuccessful, from parts of the machinery giving 
way, Mr. Erickson withdrew from further compe- 
tition. No conclusion could be formed by the 
experiments of the power of this engine ; or the 
quantity of steam which could be raised in a 
given time, or the fuel required for it. The 
whole time occupied, in the short trial made, in 
traversing a distance of 4£ miles, was 22 ' 57 ''. 
From a statement at the time by Mr. Vignoles* 
in the "Mechanics' Magazine," with a weight 
estimated at 10 tons 6| cwt., the eastward 
trip, 1£ mile was traversed in four minutes and 
thirty-nine seconds, being at the rate of 17£ miles 
per hour, and the westward trip at the rate of 
15 miles per hour. 



RESULT OP THE. COMPETING EXPERIMENTS. 

Thus terminated the interesting competition, 
and the prize of 500/. was awarded to the Rocket 
of Mr. Stephenson, as having performed all the 
conditions and stipulations required of the com- 
petitors. In reviewing the subject of this compe- 
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tition, it need excite no surprise that Mr. Robert 
Stephenson was the successful competitor, when 
we observe from the history of the invention of 
the locomotive engine, that he had long before 
directed his attention to it, and had thus a fair 
advantage over the other candidates, and from his 
practical knowledge in seeing the working of these 
machines, he knew where the defects lay ; and 
he thus had a good chance of effecting improve- 
ments. 

As the practical results of these experiments 
were most important to the science of locomotion, 
it is useful to have a clear conception of them ; 
besides, in general this point is misunderstood. 

It should be kept in recollection that till these 
experiments, the maximum performance of an 
engine, weighing with tender about ten tons, was 
equal to convey 40 tons at the rate of six miles 
an hour, the evaporating power being equal to 
about 15 gallons of water per hour: or to take 
the estimate which Messrs. "Walker and Rastrick 
have given, after examining the different railways, 
that an engine weighing with its tender 10^ tons 
was only capable of conveying 19£ tons, or a 
gross weight of 30 tons, including engine and 
tender, on a level railway at the rate of 10 miles 
an hour. 

8 4 
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When the most eminent engineers in this 
country were entirely at variance in opinion as 
to the best mode of traction, and considered it 
next to hopeless for locomotive engines to attain 
a greater velocity than 10 miles an hour, the im- 
portance of such experiments as those tried at 
Liverpool must be apparent. It may be proper, 
in explanation, to state, that amongst the erroneous 
opinions at this time prevalent, were, that the 
heavy weight of locomotive engines was an 
insuperable objection to their use ; that they had 
already reached a maximum, and could not be 
made more powerful without injuring the rails ; 
that as, at 15 miles an hour, the gross load carried 
was only 9^ tons, no useful practical result could 
be obtained by such engines at a rate of speed 
above 10 miles an hour. 

The deduction from the experiments with the 
Rocket proved that a reduction of three tons of the 
weight could be effected without a diminution of 
the power, and that the consumption of fuel could 
be diminished 50 per cent, from that of the old 
engines, while the steam at the same time could 
be generated more rapidly. This was the chief fact 
elicited by these experiments ; for as the weight 
to be drawn was restricted by the stipulations, the 
results brought about were not the carrying a 
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greater load at more rapid speed, or even a greater 
amount of work done. The important fact was, 
however, developed, that the power of these 
engines might be extended by increasing their 
evaporative property, without increasing propor- 
tionally their general weight. As the power of 
these engines is greatly dependent on the eva- 
porating principle, it was at once shown, that 
an engine of three tons less weight than another, 
could more easily perform the same work : if the 
former light engine was proportionally increased 
in weight it could likewise be increased in power, 
and the weight might be added if necessary to 
the steam generator, or to such parts of the ma- 
chinery as might be deemed requisite to obtain 
the power required. 

This may appear to be a very simple denoue- 
ment to these experiments, which excited so much 
public attention ; but the results were practically 
most important, as subsequent events soon proved. 
Engines were afterwards made of greater weight 
and greater power, for the secret had been disco- 
vered wherein lay the power ; and, in place of the 
weight of the engine being an obstacle to its tractive 
agency, the arcanum of volition lay in its adap- 
tation : this point is not generally known or 
understood. To the Liverpool and Manchester 
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experiments may be therefore attributed the dis- 
covery of the vast capabilities of locomotive 
engines ; yet the mere contrast of these trials, with 
the power and rate of speed at which the same 
distance can now be gone over, shows how rapid 
has been the improvement since that time: still, 
in all essential principles the Rocket was so perfect, 
that the principles of the locomotives in use at 
the present day are much the same : thus at once, 
as it were, locomotive travelling approached to 
maturity. 



OPENING OF THE LIVERPOOL AND MANCHESTER 
RAILWAY. 

The Liverpool line was opened on the 15 th of 
September 1830, and the day will belong remem- 
bered by those interested in railway affairs, asso- 
ciated too, as it is, with the fatal accident which 
deprived this country of that talented statesman 
Mr. Huskisson. 

So great was the rapidity of transit by this 
railway, and the weight of goods transported, that 
one feeling of astonishment pervaded the kingdom. 
Loads from 50 to 150 tons and upwards were 
drawn along with ease at the rate of 20 to 30 
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miles an hour. All the prejudices against loco- 
motive engines as a tractive power were at once 
dissipated; the eyes of the public were opened 
to the success, and capabilities of a mode of in- 
land transit, which rumour, with a thousand 
tongues, had magnified into one fraught with 
danger and alarm. Friend by this rapid mode 
of transit has been brought nearer friend ; 
personal intercourse has taken place instead of 
tardy correspondence ; nations as well as districts 
have become amalgamated. A profitable invest- 
ment of capital has been pointed out which here- 
tofore had not been surmised ; and every one may 
take a common interest in the road over which he 
travels, and participate in the profits derived from 
it. Such, indeed, about that time, was estimated 
the amount of saving to be attained by the 
country by the introduction of steam transit, that 
one locomotive engine (and that was before they 
had attained the perfection since done) capable of 
conveying 150 tons 200 miles, or 30,000 tons one 
mile, was considered equivalent to the daily work 
of 7,500 horses on a turnpike road, or 375 horses 
working on a railway. Notwithstanding this ap- 
preciation of the vast capabilities of this extra- 
ordinary motar for rapid motion and great power, 
for several years the advantages of the invention 
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do not appear to have been generally understood 
or appreciated by the country : indeed, so little 
must have been foreseen by many the present 
success of railways, that it is remarked, but a few 
years ago, under the head of Railway, in M'Cul- 
loch's Dictionary of Commerce, when alluding to 
the Liverpool and Manchester Railway, — " we 
doubt much whether there may be many more 
situations in the kingdom where it would be pru- 
dent to establish one." 

From the period of the opening of the Liver- 
pool and Manchester Railway the prodigious 
exertions almost exceed credibility which have 
been made in Britain to extend railway com- 
munication; and the commencement of so many 
new lines will bring the remotest districts of the 
country to participate in the benefits of this mode 
of transit. In Britain not less attention is now 
paid to introduce every improvement which talent 
can suggest, both in the construction of the loco- 
motive engine and of the railway. In 1831 one 
locomotive engine drew 50 tons up the inclined 
plane at Rainhill, 1 foot in 96, or 55 feet per mile, 
at an average of 7£ miles per hour, and a steam 
engine was capable of drawing on a level 90 tons 
about the rate of 20 miles an hour. At the present 
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time the power of locomotive engines has been 
greatly increased. In 1831 the cylinders were 
used 10 to 12 inches in diameter. In 1832 one 
engine, the Sampson, had the cylinder of 14 
inches; whereas engines are now provided with 
cylinders 14, 16, and 18 inches in diameter, and 
the driving wheels also have been enlarged in dia- 
meter: thus increase of power and average speed is 
gained. The distance from Edinburgh to Glas- 
gow, 46 miles, which till lately took two hours 
fully, is now gone over by the mail trains in an 
hour and a quarter, and by heavy trains of wag- 
gons at 30 miles an hour ; but this is little to some 
of the English railways, on which fifty miles, in- 
cluding stoppages, is the daily speed of swift 
trains, and a mile per minute, or 60 miles an hour, 
is frequently gone. An express train on the 
Great "Western has gone 194 miles in 3 hours 
and 38 minutes, drawing 59 tons: allowing 32 
minutes for stoppages, this gives a rate of 63 miles 
an hour ; and even this hardly satisfies the im«* 
patient traveller. On the same line 1 94 miles is 
gone over in 4£ hours, which is the usual rate, 
including stoppages, and 40 loaded waggons are 
drawn with great ease. Perhaps nothing has 
yet been done in railways equal to America. A 
locomotive, constructed by Norris, Philadelphia, 
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is stated to have drawn on a railway near that 
city, a train of 158 iron coal-waggons, which 
weighed 1268 tons, turning curves of 700 feet in 
radius with facility, and going over a distance of 
84 miles in 8 hours and 3 minutes. 

By successive improvements made in loco- 
motive engines, such as inclosing the cylinder, 
already noticed, and which was exposed in the 
Rocket, and by casing with timber the boiler, 
the fuel, 2*41 lbs. of coke, required to transport 
a ton per mile by the Rocket at the opening of 
the Liverpool line, has been reduced to a quarter 
of a lb., or even less, consuming a £ gallon of 
water. The inclosing of the cylinder in the 
smoke-box at the front of the engine has been a 
great improvement, as a great waste of heat arose 
from the rapid motion through the air. The 
chamber where the cylinder is placed receives 
heat from the end of the boiler-tubes, while a 
direct action is attained between the piston rod 
and the connecting rod to the crank axle and* 
eccentric fixed on it, which works the slide valve. 
Another great improvement in the construction 
of the locomotive engine is considered to be the 
blast pipe. Before the blast pipe was introduced 
the locomotive engine is stated to have made com- 
paratively little noise, for the steam escaped 
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directly into the atmosphere. The blast pipe re- 
ceives the steam after its exit from the cylinders 
at each stroke of the engine, and conducts it to 
the bottom of the chimney, where it is blown up 
with the flame and hot air rushing through the 
tubes in the boiler towards the chimney, the blast 
pipe being proportionate in diameter to the 
chimney. 



DESCRIPTION OF THE MODERN LOCOMOTIVE 
ENGINE. 

The improvements in locomotive engines have 
of late years followed each other so rapidly that 
it is barely possible to detail them. The main and 
distinguishing features, however, remain the same. 

Having given a sketch of the history of the 
locomotive engine from the invention of Trevi- 
thick till the improvements effected on it by the 
contest on the Liverpool and Manchester railway, 
I shall now give a brief description of the engine 
as at present used in this country, on the con- 
tinent, and in America. Although it is necessary 
to observe that, from the frequent alterations 
making in the details, or different parts of it, 
any description but of a general kind must be 
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imperfect ; it is impossible to explain the various 
parts without full drawings. The cuts annexed 

Q 




Fig. 60. 
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will serve, therefore, merely to give a general idea 
of the formation. 

Fig. 59. is a side elevation of a locomotive 
engine, and Jig. 60. is a longitudinal section of 
the same. 

The boiler is represented (Jig. 59.) cased with 
wood in order to economise the heat and prevent 
radiation, and sometimes flannel is placed between 
the iron and wood; the steam dome (usually of 
polished brass) and other parts, are made double. 

By referring to the cut of the Rocket engine 
(Jig. 54.), it will be observed that the cylinders 
are exposed at the sides of the boiler, whereas in 
the modern engines, for the reasons assigned, the 
cylinders fixed to the frame-work of the boiler are 
placed horizontally, concealed, and kept at a high 
temperature under the boiler, in the chamber into 
which the heated air passes from the tubes in its 
passage to the chimney ; but when very powerful 
engines are required in working up steep inclines 
for short distances, it has been the practice, in 
order to obtain more room for the machinery, to 
place the cylinders diagonally outside the boiler, 
as shown in Jig. 54. The powerful engines at 
the tunnel near Glasgow, on the Edinburgh and 
Glasgow Railway, and elsewhere, are made in this 
manner. 

The engine (Jigs* 59. and 60.) is represented 

T 



274 DESCRIPTION OF 

mounted on six wheels, which is the plan now 
generally adopted, although for a long time, not- 
withstanding the stipulations of the Liverpool 
and Manchester contest, engines on four wheels, 
as in the oldest plan, were used. The large cen- 
tral wheels are called the driving ones, and some 
engineers have removed the flanches from them 
to get rid of the lateral strain, having considered 
the flanches on the two pair of small wheels were 
sufficient for guiding, and use the large ones more 
for propelling or rolling the engine. Other en- 
gineers retain the flanches as an additional se- 
curity, to prevent the carriage running off the 
rails. The size of the driving wheels are adapted 
to the views of the engineer in respect to the 
power of the engine and gauge of the railway ; 
they are commonly from 5 to 7 feet in diameter, 
and the small wheels from 3 to 4 feet, and 4£ 
inches broad. 

Coupled driving wheels are now common both 
in this country and in Belgium, for obtaining 
greater adhesion in ascending inclined planes* 
It has been estimated that a locomotive, with 
coupled driving wheels of 4£ feet diameter, and 
14-inch cylinders, could ascend an incline with 
one-third more weight than a locomotive with 
5 feet wheels and 12-inch cylinders, if uncoupled. 
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The diameter of the cylinders of locomotives 
must vary according to the power that is re- 
quired. The piston rods of the two cylinders 
are kept in their parallelism by means of slide 
bars, and move horizontally under the boiler, and 
work, by means of two connecting rods, two 
cranks which are forged on the axle of the driving 
wheels. The cranks are so made that when one 
crank, in working, is horizontal, the other stands 
vertical The object of this is, that there may be 
a uniform and certain rotatory motion of the 
wheels, which could not be if both cranks were in 
the same position at one time. Thus while one 
end of the connecting rod from the piston keeps 
up an alternating rectilinear motion, the other, 
by means of the crank, preserves a continuous 
rotatory motion. 

The slide valves, or parts of the engines which 
admit the steam to the cylinders, are placed on 
the upper side of them, and are worked or moved 
backwards and forwards by means of eccentrics, 
in a similar manner to all reciprocating engines. 
These eccentrics are sheaves or rings fixed on 
the axles of the driving wheels on false centres. 
In one revolution of the axle the extent of the 
rectilinear motion produced by each eccentric is 
equal to the distance that the slide moves on the 
T 2 
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face of the cylinder, so that by every revolution 
of the axle and crank the slide is moved so far in 
each way, as to allow the steam, from its pressure, 
to rush into the cylinder alternately above and 
below the piston, and give it a reciprocating 
motion. This is the first action of the steam 
power, the primum mobile which gives motion to 
the whole machine, or the vivifying principle. 
From the construction of the eccentric, when the 
engine is going the slide valve is constantly in 
motion ; for whenever the apertures, or ports, are 
open, the reverse movement of it shuts them 
again. Two eccentric wheels for working each 
cylinder are now generally made use of, in loco- 
motive engines, each of which is placed in a pro- 
per manner to admit of the engine moving either 
forward or backward. This plan is necessary for 
all engines adapted for rapid speed. 

It has been found that when engines travel at 
great velocity, the expansive system, found so 
beneficial in high pressure engines, can be carried 
still farther with advantage in locomotive engines. 
The object of the expansive system is, that the 
expansion of the steam within the cylinder, when 
the engine is set in motion, combined with the 
impetus acquired by the piston, will communicate 
additional motion to it and accelerate the velocity 



MODERN LOCOMOTIVE ENGINE. 277 

of the stroke ; hence, that the steam may be 
effectively and economically stopped from entering 
the cylinder before the piston has reached the end 
of the stroke (at a quarter or one eighth), and it 
should not only be shut off from the piston before 
it reaches the end of the stroke, but should be 
applied to the opposite side of the piston before 
it reaches the end of the cylinder, or the slide 
should at the extremity of the stroke be opened 
to a certain extent. 

It has been considered by some engineers that 
one eighth of an inch produced the best effect 
for cutting off the steam from the bottom of the 
stroke, or in other terms, that the slide valve 
should be open to this extent at the return of the 
stroke. The exact extent, however, is regulated 
by the velocity of the piston. The advantage 
gained in saving or economising steam by this 
method will increase in proportion as the steam 
is sooner cut off, at the same time not diminishing 
the efficient power. 

A is the platform, at the end of the fire-box 
(Jig. 59.), for the use of the engine driver, and 
from which the fire can be fed and the engine 
managed. At the other end, B is the smoke-box, 
from which the chimney proceeds. The boiler 
or steam generator occupies the space between 
t 3 
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the two ; the brass tubes for the passage of the 
smoke and flame opening into the fire-box at the 
one end and the smoke-box at the other. The 
fire-box is usually now made of strong plates of 
copper with the outer casing of iron, the interme- 
diate space of three or four inches being filled with 
water, and forming a part of the boiler. It is 
commonly open below for the access of the air, 
from which place the cinders falling through the 
furnace-bars, which are usually made of malleable 
iron, has been productive of accident. There are 
several inches of water always over the flat top of 
the fire-box, the water being carefully kept to this 
level : when the water in the boiler is too high 
the engine begins to prime ; when too little, the 
top would be instantly burnt through. A fusible 
plug is inserted, to serve as a safety valve, should 
the water, by accident, get too low and leave it 
dry. From the small quantity of water in loco- 
motive boilers, the boiler is apt to prime or the 
steam to be condensed in the steam passages, and 
the steam in the upper portion becomes mixed 
with the spray in ebullition. Hence a steam 
chamber is. provided on a higher level. This 
dome is seen in polished brass on locomotive en- 
gines ; it is made with a double case, to prevent 
loss of heat from radiation. The steam from the 
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chamber is conveyed in the usual manner to the 
cylinder (e) of the engine, the steam pipe passing 
through the smoke-box. The blast-pipe, which 
conveys the waste steam from the cylinder to the 
chimney, may be observed passing up the middle 
of the smoke-box, the upper end of which is tapered, 
that the jet of steam may have more effect when 
escaping in increasing the current, as the extract- 
ing power or vacuum movement of the air in the 
chimney and draught of the fire is increased by it. 
It is the passage of the steam from the cylinder 
escaping through the blast-pipe into the atmo- 
sphere that produces the snorting or puffing noise 
-heard. The strength of the draught through the 
chimney carries up the cinders from the fire 
and scatters them, producing accidents ; to guard 
against which a gauze cap is frequently placed 
at the top of the chimney or a grating at the 
bottom of it, as shown in cut, before the cinders 
are under the influence of the jet of steam : f is 
the safety valve, which is under the control of 
the engine driver: g is another valve. These 
valves are held down by springs, h is the steam- 
whistle, which is a modern contrivance for creating 
an alarm, serving as a signal from the noise the 
steam creates when rushing out at a narrow 
circular slit in the lower half of a brass ball and 
t 4 
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striking on the edge of a hollow inverted cup. 
The steam is led to the whistle by a tube from 
the boiler, and is regulated by means of a stop- 
cock, i shows one of two feed-pipes, which 
conduct the water from the tank Jn the tender 
to the boiler, the water being pumped into the 
latter by small forcing pumps placed under it. 
These pumps are worked by the engine, and their 
derangement has often been productive of serious 
accidents. There are valves for regulating an 
equable supply of water to the boiler, and the 
waste steam may be turned into the tender- 
cistern to heat the water. There are discharge 
cocks for removing condensed water, steam and* 
water gauges, and other conveniences placed un- 
der the observation of the engine driver, handles 
for stopping and reversing the motion of the 
engine, and regulators for the draught of the fire. 
The regulator for increasing or diminishing 
the supply of steam to the boiler is a disc or 
throttle valve placed in each of the pipes which 
supply steam to the cylinders. These discs are 
fixed on the end of a horizontal rod, passing the 
whole length of the boiler, and turned by a handle 
at the platform, so as to open or shut the passages. 
At this handle is a graduated scale for indicating 
the degree the throttle valves are open, so that by 
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the turning of the handle the supply of steam is 
instantaneously increased or cut off from the 
cylinder. 

Every locomotive engine has a carriage con- 
nected with it called the tender, which is used 
for carrying a supply of water and coke. The 
tender is made with a frame-work like other 
carriages, and on most railways has usually four 
wheels. The water is contained in an iron tank 
surrounding the sides of the carriage, excepting 
the end next the engine, which is left open for 
the convenience of getting access to the coke. 
The boiler is, of course, connected with the tank 
by means of the supply pipes already noticed, 
and the tank is supplied with water at various 
stations on the line of railway by water-cranes 
and cisterns, according as the engine requires 
water. The tender is just so much additional 
necessary load that every travelling engine must 
carry along with it. 



LOCOMOTIVE ENGINE BOILERS. 

It must appear obvious that in the construction 
of the boiler of the locomotive engine a great 
object was to combine with sufficient lightness, 
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compactness, and safety, the greatest possible 
heating power ; for as the power obtained will be 
in proportion to the heat transmitted from the 
fire to the water, and then available as steam, the 
amount of fire in the boiler will be the measure 
of the heat, and the smaller the quantity of fuel 
in an active state of combustion which can be 
brought to bear to keep a small quantity of water 
at a high degree of temperature, the more efficient 
the boiler will be : hence the rapid formation or 
evolution of heat depends on its abduction from 
the fuel in such a manner that no loss is sustained 
in its extrication. In locomotive engines, there- 
fore, for generating steam quickly, while a power- 
ful draught is indispensable, it is a great object to 
expose the smallest quantity of water to the 
largest heating surface which the heat radiating 
from the furnace can act upon, and that every 
means be adopted by non-conducting substances, 
as jackets or linings of flannel and wood on the 
boiler, to retain the caloric which has been evolved. 
The various contrivances to attain these objects 
would fill volumes. 

When Mr. Stephenson's engine, the Rocket, 

was first tried, as has been stated, 25 tubes of 

3 inches diameter were made use of in the boiler, 

^ntaining 117 '8 square feet of heating surface. 
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The idea of using many small tubes to conduct 
the heated air through the water to the chimney 
in their present form is allowed to have emanated 
from Mr. Henry Booth, of the Liverpool and 
Manchester Railway Company. It is unques- 
tionable that the success of the locomotive engine 
made by Mr. Stephenson was in a great degree 
due to this adaptation. There can be, however, 
little doubt that the idea of using tubular boilers 
in different arrangements for the more rapid 
generation of steam is of old standing. It forms 
a principle of Woolf 's boiler, of Mr. Julius Grif- 
fith's, as also of Mr. D. Gordon's patent boiler in 
1825, and of others. The very decided supe- 
riority of the plan of Mr. Booth's and Mr. G. 
Stephenson's boiler for increasing the surface of 
water in contact with the heated air passing 
through it not being patented, led at once to its 
being generally adopted for locomotive boilers; 
and since that time the principle has been applied 
to marine boilers ; and several engineers are now 
constructing many of their marine boilers on the 
tubular principle ; the tubes are made of malleable 
iron from 3 to 5 inches diameter. It is still, 
however, doubtful how far this principle is suit- 
able for the marine boiler ; for the locomotive 
boiler there can be no doubt of its eligibility. 
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Mr. G- Stephenson had soon discovered the 
advantage to be derived from enlarging the heat- 
ing surface of the cylindrical boiler, by increasing 
the number of the tubes, to abstract or absorb the 
caloric from the heated air. The diameter of the 
tubes was reduced from 3 to l£, or two inches, 
and the number increased, varying from 90 to 150, 
with a surface of from 200 to 300 square feet 
exposed to the contact of heated air. The heating 
surface, of late, has been greatly augmented, both 
in tube surface and fire-box: but the opinion is 
not in favour of having the tubes. very small; 
they are usually made about two inches diameter 
inside, and from 73 to 120 tubes in each engine, 
— the number of tubes being dependent on the 
diameter of the boiler. With improved engines 
the tube surface has been increased from 400 or 
500 square feet of heated metal, exposed to com- 
municative heat, to the enormous extent of from 
600 to 800 feet and upwards, with a fire-box 
surface or area exposed to the radiant caloric in- 
creased from 20 square feet, as in the Rocket, 
to from 50 to 60 feet ; and with the broad gauge 
engines on the Great Western, the tube surface 
has been increased from 600 to about 1000 feet, 
and fire-box surface from 70 to 108 feet. 

As the upper side of the fire-box is flat, and 
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not adapted to bear a great pressure of steam, 
bolts are placed betwen the chamber and the fire- 
box to resist the pressure. In the lower part of 
the boiler the tubes are placed, running through 
its whole length. 

Copper was first used in the construction of 
the tubes ; but they are now always made of 
brass, and have been found much more durable. 
The opinion seems to prevail that making the 
tubes of mixed metal, or the best rolled brass of 
No. 14. wire-gauge is the preferable method, the 
tubes being secured at the ends with steel and 
iron hoops. Some have thought that as malleable 
iron of good quality is less expensive, it would 
answer the purpose, as it does for the tubes of 
marine boilers; but copper or brass would be 
generally used for all boilers, from its durability, 
were it not for its great expense. The tubes must 
always bear a constant working pressure of about 
60 lbs. on the square inch, while the form of the 
tube gives an advantage in their strength, as the 
pressure on the tube must be inward, from being 
surrounded with water. The tubes, however, 
are necessarily subject to great waste, from the 
constant action of the cinders and ashes upon the 
interior surface : another thing which operates 
against their durability is the want of an equal 
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expansion between the case of the boiler and the 
tubes. This may lead ultimately to almost an 
entire reconstruction of the engine and boiler; 
although, therefore, the tubes must be frequently 
replaced, for they usually last for about two 
years, and so are not of the permanent nature of 
such parts of the boiler as are not exposed to the 
action of the flame, and while tubes will burn 
out, and may frequently burst, still these boilers 
have been constructed capable of running a dis- 
tance of 30,000 miles before requiring to be re- 
newed ; and the broad gauge engine boilers have 
been stated to run 70 to 80,000 miles. A very 
erroneous idea seems to be entertained that no 
danger can arise from the bursting of a tube in 
locomotive boilers : indeed the bursting of tubes 
is so common, that the engine drivers become 
accustomed to it : but it is always attended with 
the next to certain danger of scalding, perhaps 
to death, the fireman or engine driver, from the 
steam rushing out at the fire-door, and cinders 
being blown about, while alarm is created, and 
danger arises to the passengers from the delay 
and stoppage. When a tube does burst, it is 
customary for the engine driver to be prepared 
with a plug ready to drive into the aperture till 
the boiler can be repaired. 
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From the perishable nature of the tubes and 
end of the boiler exposed to the direct action of 
the fire, various expedients have been proposed, 
and some engineers have thought that a boiler 
constructed on the principle of placing the water 
in the tubes to be heated, instead of the fire in 
the tubes, would be more durable and as efficient. 
The Earl of Dundonald and others, years ago, 
proposed boilers on this principle. Mr. A. M. 
Perkins, of London, has a patent for a boiler, 
which would be exceedingly durable if found to 
answer the purpose of locomotive engines. The 
steam is generated with great rapidity in a re- 
cipient, or strong iron vessel, by the water therein 
coming in contact with a considerable extent of 
surface of small tubes within which water is 
heated, under high pressure, to above the boiling- 
point. The water in the tubes is heated by means 
of a portion of the same tube, which heats the 
water in the steam generator, being exposed in a 
furnace to the direct action of the fire. The report 
which has been published of Mr. J. Parkes, C. E., 
was highly in favour of the evaporative properties 
of this very beautiful and ingenious contrivance, as 
also its safety and durability, and economy of fuel, 
and the strongest and most satisfactory evidence 
has been adduced as to its advantages and utility. 
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EXPLOSIONS OF STEAM BOILERS. 

The dangers arising from steam-engine boiler 
explosions are so great, that any plan of con- 
struction which could completely obviate this, is 
deserving of consideration ; and the idea of a boiler, 
such as that last described, where the steam is 
generated in a vessel not exposed at all to the 
action of fire, is a novelty, as well as a complete 
security against the risk of its getting red hot 
from a deficiency of supply of water. In the 
present construction of the locomotive engine 
boiler, the only security, as to its safety in this 
respect, depends on the regular maintenance of 
the level of the water in the boiler ; for as the 
tubes are exposed to the direct action of flame, 
they would be instantly destroyed by any dimi- 
nution of the supply of water, which might 
happen by the least derangement of the feed 
pumps. 

From the high pressure the steam is always 
worked at, in locomotive engines, generally above 
50lbs. on the square inch, two safety valves are 
always used ; one is under the charge of the en- 
gineer, commonly called Salter's flat-sided, spring- 
balance : it has a lever between the valve and 
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spring. The other is now generally locked up, 
and has a series of bent springs, without a lever, 
compressing it. 

Every engine boiler, besides the three common 
gauge cocks, should have indices of pressure, as 
the simple glass water gauge, to show in a glass 
tube the height of the water in the boiler, 
This tube, part of which is of brass, communicates 
by a cock at the top with the steam, and at the 
bottom with the water in the boiler, and there is 
another cock, at the lower end of the tube, to let 
off the water. The dynamometer, or bent tube 
with mercury and a float, and the piston gauges 
are also good indices of pressure. All these pre- 
cautions, however, do not appear sufficient to 
prevent accidents. It has already been stated 
that the practice in some locomotive boilers is to 
place a fusible plate on the top of the fire-box ; 
but this principle might be extended still further, 
to guard against explosions. It was several years 
ago made an imperative rule, by the law of 
France, that a plate of fusible metal, half an inch 
thick, made of lead, tin, and bismuth, should be 
placed on the top of the boiler, close to the safety 
valve, and held in its position by an iron grating 
above it : should the valve not rise, the heat, before 
the pressure of the steam could have increased to 
u 
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a dangerous extent, will melt the safety plate and 
allow the steam to blow off. It would be a proper 
thing if such a rule was made imperative in 
this coi ntry, where steam power is so generally 
made use of. Every locomotive engine boiler 
should have, therefore, a fusible plug over the 
fire-box, composed of four parts of lead and one 
part of tin, which would melt before danger would 
arise, and blow into the furnace. Objections, 
founded on experiment, have been started, that 
the fusion of an alloy of metals, as proposed by 
the Ordonance of France, can only be depended 
on when the metal is not exposed to the action 
of the steam, that is, to its pressure, but merely 
to its temperature : the remedy is, enclosing the 
fusible metal in a case not exposed to the pressure 
of the steam. This subject of fusible plugs has 
been thoroughly investigated in America by the 
Franklin Institute. 

These precautions are the more necessary from 
the ignorance which, it has been observed, still 
exists, " not only of the power, but even of the 
nature of steam." While all admit the danger of 
steam explosion, few of the causes of these ex- 
plosions are satisfactorily explained; and no perfect 
or even certain method has yet been devised to 
guard against them. A railway accident, such as 
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the engine running off the rails, may be greatly 
aggravated by the explosion of the boiler. 

It is worse than folly to intrust an agent as 
potent as gunpowder to the hands of the ignorant 
and unskilful; and yet we often see men in the 
charge of steam boilers without skill or experience, 
and who may, in one moment, involve themselves 
and all around them in common destruction. It 
is the more to be regretted that when science has 
made the agency of steam so tractable, there 
should yet exist the least danger in its use. For 
how dreadful must be the power of steam explo- 
sion, when tons of metal are blown into the air 
like a rocket, and sent to a vast distance 1 Only 
a short time since, a boiler weighing 3£ tons, 
exploding at a work on the Surrey canal, was 
blown 200 feet high, and fell about 300 feet from 
its site. At another recent case near Manchester, 
a portion of the boiler, 26 feet, weighing 2 tons, 
was shot like a cannon ball, a distance of 40 yards. 
At Barnsley, recently, by the explosion of the 
steam engine boiler, a cotton mill was destroyed, 
and not a vestige of the building was left stand- 
ing. At another recent frightful accident in 
Bolton, several lives were lost by the explosion of 
a boiler, and one end of a cotton-mill was blown 
up with a tremendous crash. 
v 2 
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That too much precaution cannot be taken to 
guard against explosions with locomotive boilers, 
has been proved by the accident on the Dover 
Railway, and by the explosion of the Irk loco- 
motive on the Manchester and Leeds Railway, 
where several persons lost their lives. Various 
other casualties have occurred of a similar kind. 
A few years ago an explosion took place on the 
Liverpool and Manchester Railway, supposed to 
have arisen from the case or shell of the boiler 
being weaker than the tubes. That doubt should 
for one moment exist as to the real cause of such 
fearful explosions, as that in the case of the Irk, 
when the engine carriage was blown to a consider- 
able distance, and the unfortunate engineer and 
fireman to the distance of 20 yards from the site 
of the explosion, and 21 yards of the roof of a 
shed blown away, are things which show how 
very imperfect engineering knowledge is, still, on 
this point. 

This accident has been attributed not to any 
derangement of the valves, but to a rent made 
in the fire-box, by which means a body of water 
thrown upon the fire was instantly converted 
into steam of high density, bursting as a shell 
from a mortar, and producing the somersault de- 
scribed. This rent was attributed to the excessive 
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heat from "the quantity of fuel in the fire-box,' 
" about 2 feet thick, which, when the engine was 
at work, by means of the draught of the blast 
pipe, is kept at a white heat." But this rent is 
the effect, not the cause of the explosion : no 
action of the fire on the fire-box could produce 
the rent stated, unless either the valve was over- 
loaded, or there had been a deficiency of water 
in the boiler. The cause of the accident must, 
therefore, either have arisen from an excess of 
pressure or a deficiency of water. Supposing the 
boiler had a flaw or crack in the metal plate over 
the fire, as stated in evidence at the coroner's 
inquest, as the boiler had long stood the general 
pressure, the probability is, this flaw was ex- 
panded by neglect of water in the boiler, when 
the excess of pressure would act on the weakest 
point. 

The evidence on this occasion sufficiently proves 
the necessity of a proper system of neutral in- 
spection and surveillance of railways for the 
public security; for it is just as reasonable to 
apply a system of inspection for conveyances for 
inland transport as in maritime matters to adopt 
Lloyd's survey and classification. The accident 
alluded to could not have happened without in- 
attention, or perhaps great negligence. We are 
u 3 
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informed that the safety valves of the boiler were 
of the usual kind, Z\ inches diameter, and the 
engine was generally worked at about 60 pounds 
of pressure on the square inch ; but we also have 
it in evidence that the men worked by contract \ 
that their interest was to save coke, which was 
weighed out to them ; that the engineers were 
paid a certain sum per mile, out of which they 
had to pay their own oil and tallow, and had also 
to pay their own fireman. One of the witnesses 
stated " that he seldom saw steam blown off 
from the contract engines, and in starting with 
heavy loads, the engineer put his hand upon the 
spring-balance of the valve, one of Salter's flat- 
sided ones ; this enabled them to start better." 

It thus appears, that in order to save coke, 
steam was allowed to accumulate at the most 
dangerous time, before the engine was set in 
motion, and the engineer, in a fool-hardy manner, 
runs the risk of blowing up himself and all around 
him, merely to save the value of a few pounds 
weight of fuel. One can hardly conceive a more 
dangerous arrangement in respect to security to 
the public than contracting to work engines in 
this manner. 
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PRINCIPLES OF ATMOSPHERIC PROPULSION. 

The rise, progress, and construction of the rail- 
way system has now been described, and a short 
account has been given of the motive power 
which has conferred on it nearly all its import- 
ance as a medium of transit, and of which power 
it may in truth be asserted, that a more ingenious 
and beautiful application of the force of steam 
never was devised. It is, however, impossible to 
overlook that an antagonist power has, of late, 
sprung into existence, which seems likely to prove 
to it a formidable rival, namely, the atmospheric 
system. 

One strong argument in favour of the mode of 
propulsion by atmospheric pressure is based upon 
its less liability to accidents. Much of this 
opinion is merely conjectural — as around the 
whole system considerable uncertainty still hangs : 
one thing, however, has resulted from the nu- 
merous and fatal accidents which have occurred 
under the locomotive system, that it has induced 
the attention of scientific men to be turned to 
the discovery and arranging of new modes of rail- 
way construction, such as the atmospheric, hy- 
draulic, and other principles, and to do away 
v 4 
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with locomotive engines entirely. With respect 
to new plans, they display exercise of the in- 
ventive faculty, and some good may spring from 
them ; but it has been seen that from the rapidity 
with which railways have sprung into existence 
since 1830, that there has not been sufficient 
time for matured experience to perfect details: 
and locomotive transit is still attended with all 
the imperfections attaching to the infancy of a 
system. It is probable, however, that more good 
will arise by attempting a judicious remedy for evils 
appertaining to a system than by overthrowing it. 
Experience teaches, and still more the history of 
human invention points out, that perfection is 
gained by slow degrees. Whatever may come of 
the atmospheric principle, with which so much has 
already been accomplished, and upon which so 
much ingenuity has been displayed — neverthe- 
less, until experience has fully proved its advan- 
tages, it would be mere folly to reject all the ex- 
perience already so laboriously acquired in loco- 
motive transport, at least, on the ground of liar 
bility to accidents, which, undoubtedly, prudence 
and caution may, in a great measure, avert. 

The atmospheric principle in its application on 
an extended scale in these times has been ascribed 
to various individuals. The knowledge of thQ 
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elasticity and compressibility of the air is of old 
standing. The ancients, however, had very erro- 
neous ideas on these points. The belief of Aris- 
totle, that " Nature abhorred a vacuum," extended 
its fallacy over many of the doctrines propounded 
by the philosophers in Europe until the period of 
Galileo, who discovered that the weight of the ait 
was the true cause for many of those simple phe- 
nomena which had puzzled preceding ages, — such 
as the rise of water in pumps and syphons. The 
atmospheric principle of propulsion is intimately 
associated with the interesting science of dy* 
namics. The pressure of the atmosphere is esti- 
mated at from 14 to 15 pounds on the square 
inch at the level of the sea, subject to certain 
variations. 

The physical law being clearly established, that 
the globe is pressed on all sides by a weight of 
air equivalent to that indicated by the barometer, 
and as this pressure must always be in operation, 
it follows that every object on the surface of the 
earth must sustain a superincumbent pressure 
equivalent to the square inches of surface it pre- 
sents. Supposing, for example, that the surface 
of the human body measured 2000 square inches : 
this multiplied by 15 lbs., the atmospheric pressure 
at the level of the sea, would give a pressure 
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equal to 30,000 lbs. The reason why this enor- 
mous force is not felt, or that one is unconscious 
of the weight, is, that the pressure acts uniformly 
in every direction, and that air fills all space ; but 
should the equilibrium be destroyed, then the 
effect is at once made palpable. The simplest 
experiment for ascertaining this fact is to place 
the palm of the hand over a cylinder from which 
the air has been exhausted ; the pressure on two 
square inches would be equal to 30 lbs. of ponder- 
able matter upon it. One may easily, therefore, 
conceive how so powerful, and wonderful, and 
ever-present an element as the pressure of the 
air should have been thought of as a moving 
power to set machinery in motion ; for a move- 
able piston travelling or working in a cylinder or 
tube from which the air has been exhausted will 
be pressed equal to the number of square inches 
of surface : thus a surface of 12 inches square, or 
144 square inches, would be pressed by a weight 
equal to 2160 lbs., if the mercury was exhausted 
to 30 inches ; or in a pipe of 15 inches diameter, 
the surface area of which would be equal to above 
176 inches, making the force of the external atmo- 
sphere impelling forward a piston within it equal 
to 2640 lbs. weight ; but as a complete vacuum 
cannot be attained, the pressure will be regulated 
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in a greater or less degree according to the com- 
pleteness of exhaustion of the air in the tube. 
Supposing, however, that the vacuum obtained 
was only 10 lbs. per inch, the atmospheric pressure 
on the piston would be equal to 1760 lbs. weight. 
It is necessary to keep in view that the pressure 
of the air is not merely variable within a very 
limited range from physical causes, but its rare- 
faction increases according to a uniform law in 
proportion to its elevation above the level of the 
sea. In ascending a height the mercury falls, 
being progressively relieved of the superincumbent 
pressure; while, on the contrary, in the lower 
levels, as in the depths of mines, it rises, from the 
density of the column being increased. This 
discovery was first made by Descartes in Sweden, 
and about the same period, 1648, by the French 
philosopher Pascal. It has been ascertained that 
a fall of y 1 ^ of an inch of mercury is nearly equal 
to 90 feet of altitude, and so on, according to the 
elevation: thus a simple and useful method is 
obtained for readily ascertaining the levels of a 
country, making allowance for the alternations of 
temperature and variations of the atmospheric 
pressure. 

One of the most useful inventions connected 
with aerology is the air-pump, which was in- 
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vented by Otho Guericke, of Magdeburg, in Ger* 
many, about the year 1664. An air-pump was, 
contemporaneous with that of Guericke, invented 
in this country by the eminent philosopher, the 
Honourable Robert Boyle, F.R.S. As it was 
considered of great importance in philosophical 
investigations, much ingenuity was displayed in 
perfecting it. The chief use, however, of the 
air-pump, till within recent years, was confined 
to experimental or philosophic purposes. The 
present age, however, being one of practical appli- 
cation, the knowledge which philosophers confined 
to theoretical illustrations has been made sub- 
servient to purposes of utility, and the air-pump 
has been applied of late years on a most gigantic 
scale, both to atmospheric propulsion and other 
uses. 

When the pressure of the atmosphere became 
known to be regulated by immutable laws, the 
advantages to be derived from using it as an 
impelling force soon became appreciated. When 
steam engines were first invented they were 
termed atmospheric engines, because they were 
made to act through the pressure of the air by 
the combined effect of its weight and elasticity. 
The idea, however, of producing motion by at- 
mospheric pressure, or what is now termed the 
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atmospheric system, has been generally ascribed 
to Denys Papin, an ingenious French engineer. 
Papin constructed, about the year 1695, a ma- 
chine in which the pressure of the air should be 
used as a mechanical agent for effecting a partial 
vacuum in a cylinder. To attain this, he made a 
water-wheel work an air-pump to produce the 
rarefaction. He tried in this country a method 
of transferring the action of the moving power to 
a great distance. The ingenious idea occurred to 
him, that he could make a fall of water at some 
distance from a mine or coal-pit work a piston to 
compress the air in a cylinder communicating, by 
means of a pipe, with another cylinder at the 
mouth of the mine, and that the piston of the 
latter should, from a connecting-rod, give motion 
to pumps at the bottom of the mine. He cal- 
culated that the pressure of the air in the one 
cylinder would force up the piston of the other, 
and give a reciprocating motion to the pumps. 
This plan was not successful ; but much of the 
want of success has been attributed to the not 
knowing the retardation in its motion which air 
suffers in its passage through pipes. Papin after- 
wards tried this plan on a large scale in Germany, 
but with little better success. He likewise at- 
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tempted to produce a vacuum by the use of gun- 
powder, but his plan did not succeed. 

These facts — and numerous others might be 
given, even of a later period — show the disap- 
pointments which have been experienced and the 
difficulties met with in bringing inventions to the 
test of practical usefulness. They may afford a 
useful lesson, to prove how much needless expense 
may be incurred in trying complicated and round- 
about processes to attain an object, when, per- 
haps, the principle on which the invention was 
founded was not merely defective in itself, but 
were the plan even successful, its complication 
would overbalance all its advantages. How often 
is admiration elicited by expensive and childish 
models, the only tendency of which is to mis- 
lead, and which, if stripped of their tinselry, and 
reduced to the real object they seek to attain, 
would be found in practice useless and absurd. 
Wherever simplicity is overlooked, and the work- 
ing of the machine is a labour in itself, it may 
be well doubted if it will be of real use. 



ATMOSPHERIC RAILWAY SYSTEM INVENTED. 

The invention of the atmospheric mode of pro- 
pulsion has by some writers been ascribed to 
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Papin ; but it has been shown that his ingenious 
contrivances for exhausting and compressing the 
air led to little practical result. From the time 
of Papin the subject of working machinery by 
atmospheric pressure slept for a century, when it 
was revived both in this country and in others. 
The subject was taken up successively by different 
persons, and among others by Mr. Pinkus and 
Mr. Clegg, by the latter of whom, in conjunction 
with the late Jacob Samuda *, the atmospheric 
railway system, under their patent, was practically 
demonstrated. 

The first experiments on the atmospheric prin- 
ciple were not very successful or encouraging, 
and created much doubt as to its advantages or 
practicability. In 1840, however, Messrs. Clegg 
and Samuda had an opportunity of trying their 
plan on a small portion of the Thames Junction, or 
West London Railway, near Wormwood Scrubbs : 
on this line a temporary experimental way, about 
one mile and a half in length, was laid on an 
incline, rising about one foot in 115 or 120. The 
result of the trials, even on an imperfectly level 
track, was, that a speed of thirty miles an hour 

* The invention of Mr. Samuda was claimed by Mr. 
Griffiths before the Court of Chancery, but the decision was 
against the latter. 
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was obtained with a load of about six tons, and 
twenty-two miles with a load of eleven tons. The 
atmospheric tube was only nine inches internal 
diameter, and a vacuum equal to a column of 
mercury of 23£ inches was obtained. As the 
engine and mode of propulsion were publicly ex- 
hibited for some time, and were seen by many 
persons interested in the railway system, a good 
opportunity was afforded for the development of 
the utility of the system. Amongst others, the 
directors of the Dublin and Kingstown Railway- 
were so satisfied with the success of the experi- 
ment, that they resolved to adopt this method 
of traction upon a short extension of the line, 
1 J mile from Kingston, near Dublin, to Dalkey, 
where the gradients and curves of the line were 
considered by their engineer as unsuitable for the 
working of locomotive engines. This railway was. 
accordingly prepared for the atmospheric principle- 
It was opened in August, 1843, and it is still 
worked in this manner. From the period of the 
commencement of the Dalkey branch till its com- 
pletion no farther movement was made by railway- 
companies towards adopting the atmospheric prin- 
ciple, and public curiosity was excited to ascertain 
the result of the experiment. At length, the Lonr 
don and Croydon Railway Company resolved, from 



ATMOSPHERIC RAILWAY. 305 

an extension of traffic, to lay down a third line of 
rails, and were so satisfied as to the success of the 
atmospheric plan, that they obtained an act of 
Parliament, in 1843, to construct a single line of 
atmospheric railway from London to Croydon, 
and to make an extension of the same from Croy- 
don to Epsom. As the part of it now formed 
runs close to, and parallel with, the locomotive 
line, a fair comparison can be made of the relative 
merits of the rival modes of traction, and data 
will be afforded for the guidance of other com- 
panies who may wish to adopt the atmospheric 
system. It is proposed that the line shall be ex- 
tended, should the plan succeed, from Epsom to 
Portsmouth, the part now forming being a portion 
of what is termed the " Direct London and Ports- 
mouth Railway," for which a bill was obtained 
in the last session of Parliament. The South 
Devon, and Paris and St. Germains companies are 
said to have also adopted this system, and various 
lines are now projected, and companies formed to 
apply for acts. One of the most extensive of these 
schemes yet projected is a direct atmospheric 
railway from London to Northampton. But the 
prospect of obtaining an act for an extensive 
railway of this kind, as yet, must be doubtful, 
seeing that Parliament in the session 1845, after 
x 
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a protracted contest, threw out the bill for con- 
structing an atmospheric railway from New- 
castle to Berwick. The following is an extract 
from the Committee's Report, July, 1845: — 

" But your Committee do not feel called upon to express 
an opinion on the relative merits of the atmospheric and 
locomotive systems, or on their comparative applicability to 
railways in general. For, even assuming the efficiency of 
the tractive power under the atmospheric system, and ad- 
mitting the proposed Northumberland line to be unob- 
jectionable in an engineering point of view if worked on 
that system, still the evidence taken before your Committee 
does not justify them in coming to the conclusion that a 
single atmospheric line, with the arrangements at present in 
contemplation, can carry the estimated traffic between 
Newcastle and Berwick with the same convenience and 
punctuality which are already attained by the locomotive 
lines of which it would be a continuation." 



KINGSTOWN AND DALKEY ATMOSPHERIC 
RAILWAY. 

On the Dalkey branch, where this mode of 
propulsion was first adopted on a public railway, 
upon an incline rising one foot in a hundred, a 
continuous cast-iron pipe, of about fifteen inches 
in diameter, and a mile and a quarter in length, is 
laid horizontally between the rails on which the 
A stationary engine is placed at 
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One end of the pipe to work an air-pump, which 
exhausts the air from the main pipe. The ex- 
haustion extends to a column of mercury of 
twenty-two and a half inches, indicating the degree 
of vacuum produced throughout the pipe. The 
motion of the carriages is effected by means of a 
travelling piston within the tube, which is forced 
along by the pressure of the atmosphere, dragging 
the carriages with it, the piston and the carriages* 
being connected together by a strong iron plate ; 
the latter sliding along in a continuous sli£ or 
groove on the top of the pipe, having a valve 
which opens as the connecting arm passes, and 
closes after it to preserve the vacuum. The pres-« 
sure is of course regulated by the extent of the 
exhaustion of the pipe and the extent of surface 
of the piston. On this railway three loaded car- 
riages have been propelled up an incline, rising 
one in a hundred, at a speed exceeding forty miles 
an hour. 

The chief difficulty in this system of traction 
obviously arises from the rupture of the pipe by 
the progress of the carriages : the vacuum is thus 
disturbed by leakage of air into the pipe. To over- 
come this, much ingenuity has been displayed 
in the construction of the valve, the mode of 
raising it, and of restoring it to its original 
x 2 
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position; so as the pipe may continue air-tight 
and the vacuum be again prepared ready for the 
propulsion of another train. For it will at once 
be seen that leakage of the pipe most be fatal to 
the retention of the vacuum or economical ex- 
haustion of the pipe. Were the valve to con- 
tinue open, the atmospheric air would then be 
pumped into the pipe instead of the attenuation 
of the air within the pipe itself proceeding. 
When it is considered, too, that there must be an 
open slit, with a continuous valve, from end to 
end of the pipe, whether one mile or three miles, 
or from stationary engine to stationary engine, 
over any extent of a railway, the practical 
difficulty arising from leakage must at once be 
apparent. On the Dalkey line the length of pipe 
being only one and a quarter mile, it was ap- 
parent that in short distances like this, to erect 
air-pumping engines would be a strong objection 
to this system. It was therefore proposed when 
that railway was opened, that the fixed engines 
might be placed at every three miles, or, perhaps, 
a greater distance along a line, and an arrange- 
ment made by which, when the travelling piston 
approached the end of one range of pipe, the 
piston would open a transverse valve at the end 
of the next pipe, which would admit it into the 
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next length of pipe, or within the influence of 
another air-pump, and so on, from one range of 
exhausted air-pipe to another ; and so over the 
length of railway a train might proceed without 
stopping. There are, perhaps, few inventions in 
these inventive times that display more mechani- 
cal skill in overcoming difficulties than the atmo- 
spheric mode of propulsion, so far even as it has 
yet been practically tried; and should it ulti- 
mately prove unsuccessful, it will be exceedingly 
mortifying that so much labour should have been 
bestowed in vain ; but should the result of ex- 
perience be, to prove the system defective, it will 
sink into desuetude like many other inventions, 
to which, perhaps, the mental powers of the con- 
trivers have been self-devoted, and which now lie 
buried in the tomb of time. 



LONDON AND CROYDON AND EPSOM, AND DIRECT 
PORTSMOUTH ATMOSPHERIC RAILWAY. 

As this railway is modelled on the preceding 
one, and has attracted much public attention, and 
as I have had opportunities of observing its pro- 
gress, I shall give a short description of it, avoid- 
ing technicalities. The atmospheric machinery 
x 3 
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\z designed under the patent of Messrs Clegg and 
Samuda, by whom, and Mr. B. Cubitt, the plan 
has been carried into effect. The portion of the 
railway completed is \\ miles, namely, from the 
Dartmouth Arms station, five miles from London, 
to Croydon. In the absence of practical experience 
it became necessary to fix the length of the tube 
in which the exhaustion could best be effected 
without loss of power. On the portion of the 
railway yet formed the stationary engine-houses, 
which arc of the most tasteful design, have been 
erected about three miles apart; namely, at Dart- 
mouth Arms, Norwood, and Croydon. A strong 
cast-iron pipe of 15 inches internal diameter, 
being the same size as that on the Dalkey line, 
has been laid down and secured to the ground 
midway between the lines of rails, which are 4 feet 
S} 2 inches gauge. The pipe is cast with iron bands 
to strengthen it, and is made in pieces of 10 feet, 
firmly joined together, and so forming a con- 
tinuous air-tight tube. A partial vacuum is 
formed within this tube by pumping the air out 
with powerful force-pumps worked by the station- 
ary engines, which arc of 50 horse-power each, 
constructed specially for the purpose by Messrs. 
Maudsley and Field. The engine power is 300 
horses for the 4£ miles of rail, there being two 
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engines at each station. The exhausting cylinder 
or air-pump is about 6 feet 3 inches in diameter. 
The piston is worked by direct action of the 
engine. On the top of the cylinder there are 24 
spring valves for the escape of the air drawn 
from the vacuum tube by the ascent of the piston, 
and a similar number permits the discharge of the 
air from the bottom of the cylinder on the de- 
scent of the stroke. The vacuum tube commences 
at one side of the cylinder, having a closing valve 
between the two. 

The travelling piston is placed inside the main 
pipe, and fits it air-tight with leather packing, 
but free for motion. The piston is linked to the 
leading carriage of the train by means of a strong 
iron slanting plate or arm. The arm projects 
from the tube, through a continuous slit on its 
upper surface, and is fixed to the bottom of the 
carriage. The pressure of the atmosphere upon 
the piston forces it along, and carries with it the 
connecting arm, and with the latter the carriages 
are drawn onwards, their wheels gliding along the 
rails. The arm traverses the slit or narrow open- 
ing on the top of the pipe, from end to end, with- 
out any obstruction being offered to its progress. 
On the continuous slit in the pipe the valve is 
placed, extending the whole length of the pipe, 
x 4 
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and upon the regulation of its action in opening 
and shutting, and being kept air-tight, depends 
the vacuum. 

The external appearance of the valve is an 
immense range of iron flaps or plates, about eight 
inches long, connected together, placed in a 
square groove or continuous box in the top of the 
tube, and hinged at one side, as shown vdfig. 61., 
being a perspective view of a portion of the 
vacuum pipe. 



Fig. 61. 

The valve is formed of a broad strip of leather 
rivetted between two iron plates. The upper 
plate seen being wider than the slit prevents the 
leather from being pressed into the pipe from the 
pressure of the atmosphere as the vacuum is 
formed. The lower plate fits the opening when 
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the valve is closed, and is curved to the shape of 
the pipe, preventing the air from passing the 
piston. The number of plates is requisite to 
give flexibility to the valve or flap. There is a 
thin plate of steel introduced between the leather 
and the upper plate, for the purpose of acting $10 
a spring to close the valve after the piston has 
passed. One edge of the valve is securely held 
down by a succession of long iron rods bolted to 
a longitudinal rib cast on the pipe, on one side of 
the lateral opening, and the valves work on a 
hinge of leather similar to the valves commonly 
used in air-pumps. The opposite edge of the 
valve, when shut, rests on the other side of the 
lateral opening or slit of the pipe, having a 
margin cast on the pipe, thus forming a longi- 
tudinal channel or groove {fig. 62. b). This 
trough is filled with a composition of bees-wax 
and tallow, which, when it has been melted and 
cooled, adheres to the edge of the valve and keeps 
it air-tight: this substance becomes solid at the 
temperature of the atmosphere, and becomes fluid 
when heated a few degrees above it. As the 
valve must open continuately, or inch by inch, 
to permit the arm of the piston to pass, in a bed 
of the melting composition, one part of the ap- 
paratus, and not the least important, in the atmo- 
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spheric system, must obviously be the opening 
and cementing again of the valve as the train 
progresses, for as the valve must be raised and 
the cement broken on the approach of the bent 
connecting rod, so it requires to be again imme- 
diately closed. In order to effect this, four small 
wheels {Jig. 63. E e) are fixed within the pipe 
behind the travelling piston (c), and travelling 
with it, two before the bent plate or connecting 
arm {fig. 62. f), and two behind it. These 
wheels are the means provided by which the one 
edge of the valve is raised, to permit the con- 
necting rod freely to pass without touching or 
destroying the valve, and also for the admission 
of air. As the valve opens the air rushes into 
the pipe, on the back of the piston {Jig. 63. c) 
equal to the area of the pipe, and thus the atmo- 
spheric pressure is kept up. This explains how 
the pressure of the air is made continuously 
operative on the piston within the pipe from 
which the air is exhausted. In order to re-seal 
the vacuum valve, as fast as the composition is 
broken in the trough, there are fixed to the car* 
riage small steel wheels, regulated by springs: 
the leading wheel {Jig. 64. c) passes light over 
the longitudinal valve, and is followed by a copper 
tube or heater (d), about five feet long, which 
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is attached to the under side of the carriage. 
The heater is filled with burning charcoal, and 
passes over and re-melts the composition, which 
when cold becomes solid, leaving and retaining 
the valve as air-tight as before, in readiness for 
the next train. The construction of the valve, 
its adaptation for the rapid passage of a con- 
necting arm, and the apparatus for opening and 
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Fig. 62. Cross Section op the Tube, &c. 
a Exterior section of the cast-iron pipe, which is made with 

projecting flanches, for strength ; the interior circle shows the 

diameter of the piston within the pipe. 
b The longitudinal valve open, showing the connection between 

the piston and the carriage. * 

n A valve in the piston which opens by lever g, which in case 

of accident, will allow the air to pass through the piston. 
v Plate or arm connecting piston with carriage, 
c; The lever handle, 
i i The axles of carriage. 



316 



CLEGG AND SAMUDA'S 




ATMOSPHERIC SYSTEM. 



317 




318 EXPERIMENTS OX THE CROTDOX 

scaling it, form the important points in the at- 
mospheric railway system of Messrs. Clegg and 
Samuda, and display very great cleverness and 
ingenuity. 

Fig. 62. represents a transverse section of the 
pipe shown in the preceding sketch {fig. 61.), the 
continuous valve, and mode of connecting the 
carriage upon the rails with the travelling piston 
within the pipe. 

Such is a general description of this atmo- 
spheric railway, so far as yet constructed. Mr. 
Samuda has shown that while a great speed can 
be attained, there is only a loss of power from 
leakage of air into the exhausted tube of not 
more than from 1 to 1^ horse-power per mile, 
whereas it was anticipated that much loss of 
power would have arisen from this cause. It has 
been stated the expense for lost power will not 
be more than a penny per train for 20 miles. In 
the mechanical difficulty of the opening and 
closing of the valve much, it appears, has now 
been accomplished, and there seems little doubt 
that as this invention progresses, means may be 
found for still farther simplifying and perfecting 
this part of the machinery ; for the less the com- 
plication of the contrivance for this purpose the 
more likely it will be to prove successful. 
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Various accounts have been given as to the 
rate of speed attained in the trials made on this 
railway : the greatest speed is said to have been 
one mile in 62 seconds; or a speed, for a short 
distance, of 75 miles per hour. The result of a 
trial trip with 10 carriages of an estimated weight 
of 50 tons, from Dartmouth Arms to Croydon, 
the distance being, as already stated, about five 
miles, was lately published : the time occupied, 
including 1£ minute consumed in advancing the 
train from the station to the opening of the 
vacuum tube, was 8| minutes, average speed at 
the rate of 35 miles per hour. The distance was 
run with the wind strong ahead : the greatest 
speed for a short distance was nearly 60 miles 
per hour. Average indication by the barometer 
of vacuum in the engine-house, 28 inches, in the 
carriage attached to the piston, 25 inches. By 
the trials made, the five miles of the tube were 
exhausted to the full extent, the average of the 
barometer being at the time 27 ^ inches, while 
the piston traversed the whole length of the tube. 
Thus far the vindication of the atmospheric sys- 
tem, as respects its dynamic power at least, has 
been established. 

The power of the atmospheric system in as- 
cending stiff gradients has also been brought out ; 
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for the new line crosses the Brighton line by a 
handsome viaduct, with an inclination rising 1 foot 
in 50, and a curve of half a mile radius, and these 
are taken with the atmospheric power with per- 
feet ease. Indeed a train has been brought to a 
stand-still to deprive it of its previous impetus 
at the foot of the incline, and then propelled up 
the incline without difficulty. 

The momentum given to the carriages by the 
atmospheric power is checked by means of power- 
ful breaks: such has been the momentum ac- 
quired, that two pair of breaks were applied for 
f ths of a mile before stopping ensued. There is 
also a contrivance, a valve in the travelling 
piston, which was used in the experiments — by 
which the air, when deiired, may be allowed to 
pass through it, and the vacuum, and consequently 
the force of propulsion, gradually decreased. It 
has also been projected that means should be 
devised for at once disconnecting the carriages 
from the travelling piston. 

It would be quite impossible to describe or even 
notice the many contrivances proposed of late for 
atmospheric propulsion without filling volumes: 
but it would be out of place in this treatise to do 
so, as the object is to point out the progress which 
the railway system has practically attained, and 
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not to speculate on what inventions may ulti- 
mately be successful: hypothetical proposals are 
therefore avoided, and only those inventions which 
have been carried into effect described. 

Mr. Henry Pinkus, whose name has already 
been noticed, has recently published an elaborate 
description of his patent atmospheric railway. 
Mr. Pinkus was amongst the first who had the 
merit of bringing the atmospheric system promi- 
nently before the public. He obtained patents for 
his inventions in 1834, 1836, and 1839. Several 
years ago he exhibited a working model of a small 
stationary engine, forming a vacuum in flexible 
tubes. In 1840, he published a pamphlet de- 
scribing his " Agrarian system," or the pneumatic 
principle to effect the working of agricultural 
machinery. 

Among other plans of atmospheric railways 
proposed, is that of Mr. James Pilbrow, of London, 
who obtained a patent for his invention on the 
17 th of May, 1844. Mr. Pilbrow appears to have 
founded the claim to superiority of his patent 
system upon what he considers the defects of 
Messrs. Clegg and Samuda's, such as the difficulty 
of getting a closure of the valve. He points out 
the advantages of his plan to be, the avoiding 
leakage by burying the pipe, and working the 

Y 
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apparatus without a valve, and the travelling 
piston, invented by preceding experimenters, is 
placed in the exhausted air tube, and is connected 
to the carriages by a small upright rod moving 
in an air-tight slit or groove on the top of the 
tube : the rod is kept in its track by guide wheels, 
and at certain distances small wheels are placed 
on the railway, which work in a rack attached to 
that travelling with the leading carriage. At the 
present stage, it is impossible to form any de- 
cided opinion of this contrivance. Whether the 
rod will slide in a slit sufficiently tight to prevent 
leakage without a great increase of friction, 
• remains to be seen when practically tested on a 
public railway. Some new railways have been 
projected on this plan. 

Amongst the numerous patents for the atmo- 
spheric principle of propulsion, is Mr. John Ait- 
kin's, 1844. He proposes to fill the traction pipe 
with water, and, by long eduction pipes descending 
from the former, to obtain a vacuum ; or to use 
water for covering the valve to retain the vacuum 
obtained. A patent was obtained by Mr. J. G. 
Shuttleworth, of Sheffield, in 1840, for the appli- 
cation of a column or body of water acting 
against a piston in a tube for the purpose of the 
propulsion of carriages. Water has likewise been 
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proposed in place of steam, as a more economical 
motive power to work the air-pumps of atmo- 
spheric railways, and in some districts of a country 
might be usefully employed, if this system of 
traction was adopted. 



COMPRESSED AIR AND AIR ENGINES. 

Mr. Nickel's system of atmospheric propulsion 
has lately been made public : he professes to work 
•ailway carriages without either longitudinal 
valves, racks, wheels, or pinions. His plan con- 
sists of a tube charged with compressed air in 
connection with a fixed engine, and the inflation 
of these tubes, pressing on smooth wheels turning 
on vertical spindles under the carriage, forces along 
the train with velocity. 

Besides the direct action of atmospheric pres- 
sure upon a moveable piston, and the power of 
steam otherwise applied, a plan has been proposed 
of working engines with condensed air to propel 
railway trains : these are termed " Parsey's air 
engines." 

The inventor of these engines, it appears, is 
sanguine enough to imagine that he has accom- 
plished an object which will work a complete re- 

T 2 
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volution in the mode of drawing or propelling 
trains on railroads, and in the manner in which 
the rotatory motion of paddle-wheels in ships is 
produced. Mr. Parsey's invention is, he thinks, 
applicable to all the purposes of setting machinery 
in motion for which steam-engines are now em- 
ployed. The engines are worked by means of 
condensed air. The elasticity of air when com- 
pressed into receivers may be raised to any power. 
The engines, according to the description fur- 
nished by the patentee, can be filled at a terminus 
with highly condensed air, previously generated, 
and replenished from stationary receivers at the 
various stations of railroads as often as occasion 
may require. To the receiver or receivers of the 
engine so filled, to obviate the excessive force and 
gradual decline of pressure as the working cylin- 
ders draw it off, a receiver is attached, into which 
the air passes till it reaches a given working pres- 
sure, which it cannot exceed but by adjustment of 
the engineer, as the self-acting regulator belonging 
to the working receiver shuts or opens the in- 
ductive passage from the high-pressure receiver 
or receivers uniformly with the discharges from 
the driving cylinders, by which means as much 
power is carried by the engine as will propel it 
and a train any distance. It is stated that many 
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mechanicians and practical engineers have spoken 
of the model in high terms. Whether the plan 
will succeed or not must at present be uncertain, 
but its merits can only be ascertained by its 
being fully tested. 

Carbonic acid gas and other gases have been 
tried, to produce a vacuum. Mr. J. Robinson, of 
London, has a patent for a mode of working en- 
gines by the agency of gas for producing motive 
power. Experiments have also been tried on rail- 
ways to make use of electro-magnetism as the 
motive power, but, as yet, with little prospect of 
success. 



THE COMPARATIVE ADVANTAGES OF THE ATMO- 
SPHERIC AND LOCOMOTIVE SYSTEMS. 

At the present time, when so many railways are 
proposed, and as, from the advantages derived 
from this mode of transit, it must be apparent 
that, in order to place one district of the country 
on a footing with another, every town and vil- 
lage must have the means afforded of rapid and 
direct communication, otherwise certain localities 
must be placed beyond the pale of easy access, it 
is most important to know, so far as experience 
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has yet gone, the views of scientific men as to the 
comparative advantages of these modes of traction. 
The atmospheric railway system has already 
been fully discussed at meetings of the Institution 
of Civil Engineers, and the most eminent of that 
body appear to take opposite views respecting 
the antagonist powers. In a communication 
made to the Institution by Mr. P. W. Barlow, 
C. E., " On the comparative Advantages of the 
Atmospheric Railway System," he gives the result 
of certain experiments on the Tyler inclined plane 
of the Canterbury and Whitstable railway, show- 
ing the amount of lost power of the rope traction 
as compared with that of the atmospheric railway 
system on the Dalkey inclined plane, from which 
it appears that a stationary engine of twenty-five 
horse power will convey thirty-five tons at an 
average speed of seven and a half miles per hour 
up the former incline of 1 in 48, and is capable of 
producing as great a useful mechanical effort as 
the engine of 100 horse power on the Dalkey line, 
as the former raises more than half the load three 
times the altitude on the same length of an incline 
in nearly the same interval of time : or, in other 
words, trains of thirty-five tons are raised by a 
25 horse power engine on an incline of 1 in 48 
at the same speed as the Dalkey engine of 100 
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horse power raises trains of sixty-six tons on an 
incline of 1 in 138 : that the lost power on the 
Whitstable incline averaged four-tenths of the 
whole power, and on the Dalkey line it averaged 
eight-tenths of the whole power : that the loss in 
transmitting the power to the train, as shown in 
Mr. Samuda's experiments, exceeds eight-tenths 
of the whole power : that the effect of the in- 
creased leakage at the higher degrees of the 
vacuum does not exceed the increased resistance 
of the air, and thereby proves that the leakage is 
not the main source of lost power. 

With heavy loads and a high vacuum, the 
power of the engine required to form the vacuum 
will amount to the greater proportion of the 
whole power exerted, and which will be practically 
lost. With the other extreme of light loads and 
a small vacuum, the friction of the air in the 
pipe becomes an equally large proportion of the 
power expended ; because the whole bulk of the 
air must be exhausted, however small the load 
may be: so that there will be one particular 
vacuum and load with any given engine and pipe, 
in which the sum of these losses will become the 
least possible. But whatever this may be, it is 
evident the amount must be fatal to the atmo- 
spheric system as a mode of applying stationary 
t 4 
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power : that there is also a loss of power neces- 
sarily arising from the construction of the air- 
pump, and, in addition to that from leakage, 
there will be a certain loss, from the atmosphere 
not having time to act with full effect on the 
piston : that as the loss from leakage does not 
form a large proportion of the lost power, there 
is little field for mechanical improvement, which 
has been urged as an argument in favour of the 
system: that the loss of time and power, from 
the interval necessary to get up the required 
vacuum, will have the effect of reducing the 
average rate of travelling on a single line of 
atmospheric pipe considerably below that of a 
locomotive line, because such loss of time must 
occur at the meeting of every train; and with 
trains running at intervals of half an hour, this 
delay must necessarily occur every quarter of an 
hour. 

The preceding is the substance of Mr. P. W. 
Barlow's interesting paper, which does not augur 
very favourably for the permanent success of the 
atmospheric mode of traction. He states the best 
result obtained from the experiments on the 
Dalkey line, was the transport of trains of thirty 
tons in five minutes. It has been ascertained, that 
the atmospheric system on the Dalkey line has 
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not been remunerative, having hardly paid its 
working expenses : this should not, however, be 
imputed to the system, for it may have arisen 
from the locality and nature of the traffic, and the 
system will soon be more fully developed on the 
London and Croydon Railway. Even should this 
system be less efficient as a moving power than 
stationary engines with the rope traction, it is 
more convenient, and gets rid of the tear and 
wear of ropes. 

With respect to the supposed superior safety of 
the atmospheric system, there has not yet been 
sufficient experience of the working of it on an 
extensive scale to judge. One very obvious de- 
fect which appertains to the atmospheric as well 
as to all systems of traction where the motive 
power is entirely separated from the carriage is, 
that no possible control exists over it. Where 
fixed engines were used for rope traction, it has 
been long found to be attended with practical 
inconvenience ; and it does not appear how it can 
be lessened by the atmospheric plan. Any ob- 
struction on a line is just as apt to be run into 
by the atmospheric carriage as by the locomotive, 
and the carriages may thus be overturned, while 
in reality less power exists in slowing or checking 
the atmospheric carriages than in the locomotive. 
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Supposing the momentum in either train, pro- 
ceeding at sixty miles an hour, to be the same, 
the locomotive has the advantage of having the 
means of at once reversing the action of the 
engine, and cutting off the supply of steam ; and 
even should the atmospheric train be placed in • 
the position of disconnecting the carriage from 
the piston, still, as has been remarked, while the 
locomotive has the power of lessening the severity 
of the shock from any obstacle on the rails, the 
atmospheric must be nearly powerless to avoid 
destruction. Although, therefore, the atmospheric 
plan has apparently an advantage in rendering 
direct collisions barely possible, as two trains 
cannot move in the same section of pipe at the 
same time, and one must leave the section of the 
pipe that it may again be exhausted of air, still, 
until experience has fully developed the safety of 
the working of the system, it is merely hypo- 
thetical to speak of its entire safety. With 
respect to the relative expense of the atmospheric 
and locomotive systems, I hold this to be of much 
less importance than the matter of safety. It 
becomes, indeed, a matter of calculation, of easy 
solution, whether fifty horse or more power ap- 
plied to work an air-pump, or the same power 
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applied directly to propel a locomotive, is the 
most effective. 

There is one thing certain, the atmospheric 
system cannot be proved more convenient and 
economical than the locomotive system, and it 
should at least, if it is to have a preference, be 
proved to be better adapted for the public safety. 
But with respect to the additional safety arising 
from tying down the carriage on the centre of the 
line, the questions suggest themselves, Will the 
carriage be tied down when passing over points 
and crossings, where there exists the chief lia- 
bility of running off ? and is not the chance of 
collision at sidings which are worked by mo- 
mentum greater than where there is a control of 
a locomotive, and are not these the places where 
the greatest liability of collisions exists ? The 
power of stopping a train is considered by some 
greater on an atmospheric than on a locomotive 
line ; but if the power of stopping, as well as 
the momentum, increases with the gravity, no 
advantage can be gained in this respect, for by 
removing the engine and tender, the weight 
which is most concentrated, and therefore most 
economically and efficiently applied, is removed. 
But suppose it is granted that the atmospheric 
is less liable to accidents from collision than the 
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locomotive line, will not the great expense of 
formation and working the line necessarily confine 
the construction of this railway system to single 
lines of way ? There is no doubt that the atmo- 
spheric on a single line is considerably safer than 
a locomotive on a single line, which is not safe; 
but locomotive single lines are, however, rarely 
used. Although it has been held by the advocates 
of the atmospheric system that it possesses the 
peculiar advantage that a single line would prove 
sufficient ; yet^ because on the very few miles of 
single rails where locomotive power is used few 
accidents have happened, is there any person who 
would recommend such a mode of railway on lines 
where great traffic exists ? The idea, therefore, of 
holding out that the atmospheric possesses this 
peculiar advantage, is merely visionary. Mr. B. 
Stephenson has shown in his report the imprac- 
ticability of working a single line of atmospheric 
railway when applied to a line of 112 miles in 
length with trains running every half hour and at 
a mean velocity of thirty miles an hour, by the 
fact that " the total time of the journey would 
be increased ten hours!" in consequence of the 
delays occasioned by one train waiting till it had 
met with that which was coming in the opposite 
direction, and the pipe was exhausted so that it 
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could proceed. On shorter lines, perhaps, these 
obstructions would not be so objectionable ; but, 
as has been remarked, " would it not be as easy 
for locomotives to follow each other with trains 
every half or quarter of an hour, and when 
arrived at a station, to wait till the train in the 
opposite direction had passed?" But where is the 
engineer who would recommend the adoption of 
such a system if he were held responsible for the 
regular working of it ? 

Numerous objections have been urged against 
the working of the atmospheric principle ; such as 
the uncertainty of working the traffic both on 
" terminal and intermediate stations, and the 
necessary arrangements at level crossings." At 
terminal and intermediite stations, where goods 
and mineral traffic is large, some other power 
would be required to be employed than that of 
the main line. The waggons are now shunted or 
backed into a siding by the engine ; but in atmo- 
spheric lines manual, horse, or engine power must 
be employed to remove the waggons ; and this 
must add to the risk of accident, from their being 
left probably for a time on the main line. Another 
objection will arise from the loss of power by the 
uncertainty at starting of the weight of the train ; 
and to maintain a higher velocity than with the 
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locomotive system, engines of greater power must 
be used, or about 200 horse power for every mile 
and a quarter. Or, as the leakage or rush of air 
into the exhausted pipe, which influences the 
velocity of the trains, will be greatly increased by 
extending the length of the pipe to three or four 
miles, the power required to work it must be 
proportionably augmented. This extension of 
power may have the effect, that the expense 
must be so increased to attain the same power 
as with the locomotive system as to make the 
cost inordinate. Such are some of the chief 
objections urged against the atmospheric system, 
to which may be added, that the derangement of 
the engine of one station may stop the traffic of 
the whole line. Much has been said in favour of 
the atmospheric system, on the ground of the 
absence of smoke and dust, and also that cinders 
are not scattered about as by the locomotive 
engines ; and doubtless this is a great advantage, 
if not counterbalanced by other drawbacks. 

With respect to the expense of working the 
atmospheric system, different opinions obtain. 
There seems little doubt that to be effective, the 
power of the engine must be large and a surplus 
power always at command. On the London and 
Croydon railway, in the five miles, the 300 horse 
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power erected has been estimated at 15,000/.; 
and should the supposition be made, that one 
locomotive engine was provided for every mile of 
railway, the five engines would cost, at 1500/. 
each, only 8000/. ; thus leaving a balance of 70007. 
on this head against the atmospheric. Some, have 
taken a very opposite view to this of the com- 
parative expense of the two systems. One writer 
states that, supposing a railway of 30 miles re- 
quired ten fixed engines and pumps, the cost of 
this would only be 42,000/., with an annual 
expense to uphold them of 10,320/.; whereas the 
locomotive department of the Liverpool and 
Manchester would cost three times that sum. 
There, however, does not appear sufficient data 
established to come to any correct opinion on 
these points. Mr. Pinkus and Mr. Pilbrow hold 
out in their statements a much cheaper mode of 
construction. 

It has been observed by Mr. Berkeley, C. E., 
that the mechanical difficulties in the application 
of the atmospheric system are, perhaps, the least 
important for consideration, as it may be assumed 
that the experience and ingenuity of mechanics, 
where they exist, will overcome them. But surely 
no system can be efficient where real difficulties 
in its practical working exist ; and until these are 



336 ATMOSPHERIC SYSTEM MAT 

entirely overcome it cannot be deemed perfect. 
However clever the present arrangements of 
Messrs. Clegg and Samuda's system are, and 
however perfect the workmanship may be, still 
wheels revolving at a rapid rate within a length- 
ened tube must be liable to occasional derange- 
ment, and require constant watching, and it has 
been shown that the opening and closing of the 
valve depends on this agency. Out of the nume- 
rous inventions one perfect one may be obtained. 
It is only by the practical working of the system 
which Messrs. Clegg and Samuda have intro- 
duced that will be ascertained wherein lies the 
defect, and its correction found out. From the 
momentum of the carriages, their lightness on the 
rails, and the difficulty of making a break act 
quickly on them, the danger must be as great, 
if not greater, of the hind carriages running off 
the rails than with the locomotive train, and of 
their being crushed in a similar way ; for it can- 
not be the single slight attachment of one carriage 
in a train to the arm of the travelling piston that 
will guard against such a casualty. One of the 
strongest arguments urged in favour of the sys- 
tem seems to be the capability of ascending steep 
gradients ; but this cannot either be deemed with 
rapid velocity as either advantageous, prudent, or 
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safe ; beside which, much has been done, even in 
this respect, with locomotive engines. 

Having thus considered the question of the 
locomotive and the atmospheric system, it must 
be left to the result of time to test their com- 
parative advantages, for, at the present time, the 
accounts of the latter are conflicting and contra- 
dictory. 



IMPERFECTIONS OF THE LOCOMOTIVE RAILWAY 
SYSTEM, 

In making a few brief observations under this 
head, I feel that to find fault with a system which 
has been the growth of a few recent years, and 
which has already accomplished so much, is un- 
gracious : the remarks are made with the view 
of endeavouring to bring about a similarity of 
railway practice so essential as respects the safety 
of passengers, and important for the interest of 
the railway companies. 

The chief defect of the locomotive railway 
system arises from the want of uniform and fixed 
data founded upon properly conducted experi- 
ments to regulate the construction of railways — 
as to the gradients, curves, height of tunnels 

7 
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width of viaducts, form of rails, and mode of 
fixing these ; the width or gauge of the rails, the 
limit also of the railway between embankments, 
elevation of bridges, road crossings, and the 
various points of railway formation in which so 
much discrepancy in practice arises. No general 
rule seems adopted on almost any point. Of 
course it is not desirable that, in minor matters, 
opinions should not differ and the plan be adopted 
best calculated for the circumstances ; but, where 
the arrangement involves the public safety, it 
seems desirable that in all the leading features of 
railway practice, a similarity of system should be 
worked out : on the contrary, it has been shown 
that, on one railway, one form of iron rails, chairs, 
and sleepers exist, and, on another, one totally 
opposite ; and so on with other points on which 
different views are entertained, — all tending to 
perplex and to prove a fruitful source of acci- 
dents, the usual concomitants of uncertainty. 
The effect of this has been to weaken public con- 
fidence in the system, and has led to the de- 
velopment of those schemes of atmospheric pro- 
pulsion, some of which have been noticed. 
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QUESTION OF THE BROAD AND NARROW 
GAUGES CONSIDERED. 



One of the most important of the points upon 
which discordance of opinion exists is the railway 
gauge. I have already shown that the great 
preponderance of the railways formed in this 
country have been constructed with the narrow 
gauge ; — not, seemingly, from any conviction of 
its superiority or advantages, but most probably 
from the circumstance that it was the gauge 
adopted on the earlier lines of railway ; and it 
was more convenient to assimilate the gauge of 
the railway to be made to that of those in the 
vicinity, than to adopt a new gauge ; for al- 
though, in the first instance, the railway may 
have been unconnected, the opportunity might 
occur to form a junction. It is probable some 
such reason influenced the adoption of the narrow 
gauge ; for it cannot be supposed, in the railways 
from the period of the opening of the Liverpool 
and Manchester Railway, till the formation of the 
z 2 
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Great Western, that any real conviction existed, 
or any positive knowledge had been acquired, 
that the 4 feet 8£ inch gauge was the best which 
could have been adopted. The narrow gauge had 
been at first used ; and, therefore, as it seemingly 
presented no practical inconvenience, it became 
gradually extended over the kingdom. In the 
recent discussions of this question, there is brought 
out, prominently, the advantage which would 
have been derived by establishing a uniform rail- 
way gauge over the United Kingdom. Had this 
point been taken cognizance of by government 
when the Liverpool and Manchester line was 
opened, and had a uniformity of gauge been then 
adopted, much confusion would have been avoided ; 
for it seems more than probable that, sooner or 
later, at least on all the direct lines of communi- 
cation through the country, the same gauge will 
be established, so as locomotive carriages may run 
without interruption from one extreme of the 
island to the other. 

Up to the present time, convenience, economy, 
and the views of the Company, determine the 
adoption of the broad or narrow gauge. 

It is to be regretted that, as personal interests 
are so mixed up with the important question of 
the gauge, it is hardly possible to expect, at the 
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present time, an impartial solution of it. There 
can be no doubt that a railway with a gauge of 
4 feet 8£ inches can be made at much less ex- 
pense than with a 7 feet gauge. As respects the 
first cost, if the question is dependent on this, it 
may be viewed as settled. But although the 
proportion of the broad-gauge railways is only as 
1 to 5 1 of the narrow yet formed, and perhaps a 
greater disproportion exists in those projected, 
still, if the principle which Mr. I. K. Brunei 
adopted is the correct one, sooner or later his 
views may come to be adopted, and^the broad 
gauge extended. 

It may, indeed, seem a great hardship and a 
useless expense, and in many cases impossible to 
convert the narrow into the broad gauge, al- 
though it is a simple thing to alter the broad 
to the narrow, as it would require, in the for- 
mer, widening of embankments and enlarging 
of tunnels and bridges, all of which things would 
occasion a greater outlay than railway com- 
panies can reasonably be expected to agree to; 
it is, therefore, the more imperative that no 
dubiety exist as to the real advantages of the broad 
gauge. It has, indeed, been very naturally sup- 
posed that in this mechanical age some scheme 
z 3 
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will be devised to get over the difficulty of 
having recourse to altering the gauges of exist- 
ing railways, to adapt them to each other. 
Several suggestions have been made and plans 
devised to attain this object, and already has 
an ingenious apparatus been tried at the Pad- 
dington station of the Great Western, by 
means of which it is stated that thirty or forty 
trucks or waggons, containing 30 or 40 tons, can 
be removed from the narrow to the broad gauge, 
or vice versa, in about six minutes. 

What the public are most interested in, in the 
discussion of the merits of the gauges, is the safety 
and comfort of railway travelling ; and that doubt 
should hang round a point which should not be of 
difficult solution, does not add to the confidence 
in this mode of transit. 

The opinion in favour of the broad gauge of 
7 feet is founded on various reasons; amongst 
others, that additional speed with greater safety is 
attained ; that there is a decrease of friction by en- 
larging the diameter of the wheels ; that there is 
afforded room for broader trucks, better adapted 
for many kinds of goods, and that there is also 
afforded a larger space for the machinery, and 
room for a larger boiler with a greater extent of 
fire-box surface. From the great generating sur- 



GAUGES CONSIDERED. 343 

face for raising steam more water is evaporated, 
and the motive power proportionally increased. 
So much so is this the case, that by recent improve- 
ments on the Great Western line, its supporters 
estimate that the express trains will be enabled to 
carry 300 passengers or 120 to 130 tons, at the 
rate of 65 to 70 miles per hour. Another ad- 
vantage of the broad gauge, an important one, is, 
that greater stability is given to the carriages by 
keeping down the centre of gravity, from the body 
being inside of the wheels. 

The objections to the wide gauge are founded 
on the greater cost of the railway, as also of the 
engines and carriages, the additional weight on 
the rails, and the additional friction on the curves. 
The reasons given by Mr. Brunei are stated to 
be fallacious, namely, that the narrow gauge is 
dangerous at high speed, and that it does not afford 
scope for the powerful machinery necessary for 
locomotives to attain high velocities, while by in- 
creasing the gauge he should be able to use higher 
wheels to lessen the friction; but Mr. Brunei 
has abandoned the high wheels for carriages he 
first used, and reduced them to the reasonable 
dimensions of 6 J to 7 feet diameter; and the 
other reasons, whatever force they may have first 
z 4 
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had, no longer exist. The supporters of the 
narrow gauge state, that by the improvements 
which have been introduced, namely, increasing 
the length of the boiler and generating more 
steam with the same fuel, the simplification given 
to the working gear, and the improvements lately 
made on the valves and expansive apparatus* 
means are provided for economising steam faster 
than it is required ; and that as an engine can go 
at a velocity of upwards of 60 miles an hour with 
a wheel of 5 J feet diameter on a level, and nearly 
the same on a moderate incline, on a gauge of 
56% inches, and that as it is equally safe as re- 
spects accidents as the broad gauge — what real 
advantage can be derived from making the 
change ? 

Thus we perceive the advocates of each gauge 
are at no loss for arguments to support their rival 
claims for public approbation. 

Whatever may be the opinion of different en- 
gineers as to the preference they give to the 
narrow over the broad gauge, it appears, so far as 
can be judged of, that the public feeling is in 
favour of the broad gauge. Although many think 
it is best to let well alone, and wait for more 
experience as the safest test, yet procrastinating 
a decision of this point can be productive of 
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nothing but inconvenience, and we have already 
seen how many years in railway advancement 
were lost in foolish assumptions which a few 
experiments could have speedily tested; and 
surely it is time that a point so important as the 
best gauge of rails for public safety should be 
placed beyond cavil. 

Perhaps the main objections to the broad gauge 
arise on the ground of increased expense in the 
first construction, and the fear of being forced, 
from circumstances, to tear up existing rails; for 
all statements promulgated as to the inferior 
stability of carriages on the broad gauge, and 
danger from their axles breaking, are properly 
considered fallacious. But objections arising 
against altering existing railways cannot apply 
to the numerous projected lines before Parlia- 
ment. 

As the Act passed in favour of the line from 
Oxford to Wolverhampton carried the broad 
gauge into the heart of England, the railway 
companies took the alarm, and much discussion 
took place on the question of the gauges. A 
statement was issued by those connected with the 
narrow gauge, to the effect that the mixture of 
gauges would be attended with two great public 
evils ; the one arising from the change of paseen- 
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gers and goods from a line of one gauge to that of 
the other ; the second from the increased cost con- 
sequent upon the formation, in many cases, of two 
lines of railway, where one would have answered 
the purpose. 

Parliament, during the session of 1845, having 
expressed no opinion in favour of the broad 
gauge, as the same doubt and uncertainty 
still hung over the subject, a royal commission 
was appointed by government on the 5th of 
July, 1845, to inquire into the question, — 
whether, in future Acts of Parliament for the 
construction of railways, provision ought not to 
be made for securing a uniform gauge, and 
whether it would be expedient and practicable 
to take measures to bring the railways already 
constructed, or in progress of construction, in 
Great Britain, into uniformity of gauge. 

It must now be matter of regret that this 
question had not long ago been taken up by go- 
vernment, as it seems self-obvious that the uni- 
formity of gauge would not only be of great 
utility in the United Kingdom, but throughout 
Europe. 

The opinion of this commission, if founded 
on sure evidence or well-conducted experiments, 
will be of essential service in affording uniform 
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data to go by in the planning of railways. Be- 
sides the broad and narrow, it has been previously 
stated, that the Irish commissioners recommended 
a gauge of 6 feet 2 inches, not widening the car- 
riages, but making the wheels outside the bodies : 
this gauge has been adopted in Ireland, as also a 
gauge of 5 feet 6 inches. To establish a third 
railway gauge in Britain, however desirable it 
might have been at one time, would now be 
attended with much practical inconvenience. 
Still, however, if such a gauge is really the best 
for the permanent interest of the public, no in- 
convenience should weigh against public safety. 
Mr. John Miller, C. E., a gentleman of great 
experience in railway engineering, in his evidence 
before the Committee of the House of Commons 
on the Oxford, Worcester, and Wolverhampton 
Railway, stated his opinion to be, that he con- 
sidered a medium gauge of 5 feet 6 inches as the 
preferable one. Other engineers have considered a 
gauge of 7 feet not too broad. But if Mr. Brunei's 
gauge, namely 7 feet, be found to be too broad, 
and 4 feet 8£ inches too narrow, in all future 
trunk lines of railway, a gauge of 6 feet might be 
adopted, and means might be found of working the 
present lines in existence without material altera- 
tion. A gauge of 6 feet, surely, cannot be deemed 
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too broad, when we find the body of a carriage 5 
or 6 feet wide, and 9 feet high, weighing 4 tons, 
resting on so narrow a base as 56% inches. There 
can be little doubt entertained that the choice of 
the narrow gauge originally was inconsiderate, for 
when a broad machine, with a comparatively high 
centre of gravity, is placed on a narrow basis, a cer- 
tain degree of danger must arise of its oversetting, 
at high speeds, even on a straight line, by the 
accidental sinking of the rail, and more so from its 
oscillation on sharp curves, which exist on many 
railways. It may be fairly presumed, that many 
of the new lines now in progress have been forced 
into the adoption of a gauge of 56% inches, 
perhaps against the wishes of the engineer, simply 
because they are to be connected with other lines 
of a similar gauge. 

It would perhaps have been more advantageous 
for the public interest had the powers of the 
commission appointed by government been ex- 
tended further; for not only is the question of 
the railway gauge environed with doubt and un- 
certainty, but almost every other point connected 
with railway construction. We find, even the 
other day, one engineer recommending single line 
railways with steep gradients as the safest — a 
plan which other engineers and committees in 
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Parliament condemn. The question of gradients, 
curves, and even the form of, and manner of lay- 
ing rails, has not yet been fully determined. 

Since the preceding observations were in type, 
the report of the Gauge Commissioners has been 
presented to Parliament. It is a very able docu- 
ment, and appears to have fully considered the 
arguments on both sides. That it could not give 
satisfaction to opposing parties may be readily 
surmised. If the conclusions are therefore dif- 
ferent from what, by some, were expected, it 
cannot be imputed to prejudice, or any undue 
partiality. 

The following is a summary of it : — 

The Commissioners state in the outset that, 

I. Their attention was first directed to ascertain whether 
the break of gauge could be justly considered as an incon- 
venience of so much importance as to demand the inter- 
ference of the legislature. 

They divide this subject into four heads. 

1st. As applying to fast or express trains. 

They believe that the inconvenience produced by the 
break of gauge will, in some respects, be felt less in these 
than in other trains, and do not consider the inconvenience 
of so great a nature as to call for any legislative measures, 
either for its removal or mitigation. 

2d. Ordinary or mixed trains. 

They arrive at the conclusion that the break of gauge 
would inflict considerable inconvenience on travellers by 
the trains now under consideration, and that this incon- 
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venience would be much increased at points of conver- 
gence of more than two lines. The change of carriages, 
horse-boxes, and trucks of an entire laden train would be a 
serious inconvenience during the day, and at night would 
be an intolerable evil ; therefore, legislative interference is 
called for, to remove or mitigate such an evil. 

3d. Goods trains. 

The Commissioners are of opinion, that a break of the 
gauge would altogether prevent the transfer of articles 
of machinery; and that with respect to goods, minerals, 
agricultural produce, cattle, &c, it would create serious 
inconvenience. 

4th. Conveyance of troops. 

They are of opinion that the effect of a break of gauge 
might expose the country to serious danger. 

On the whole, they sum up their conclusions by stating 
that they consider a break of gauge a very serious evil. 

II. The second stage of their enquiry is, to discover the 
means of obviating or mitigating the evil which they find 
to result from the break of gauge. After enumerating the 
several mechanical plans which have been suggested, viz. 
1. telescopic axles, an arrangement for the wheels to 
slide on the axle so as to contract or extend the interval 
between them ; 2. a form of truck adapted to the broad 
gauge, but having a narrow rail on its upper surface ; 3. a 
method of shifting the bodies of carriages from a platform 
and wheels of one gauge to that of another ; 4. a proposal 
to carry goods in loose boxes which may be shifted from 
one truck to another, the Commissioners state their belief, 
that no method has been proposed to them which is calcu- 
lated to remedy, in any important degree, the inconvenience 
attending a break of gauge. 

III. The Commissioners next view the subject with 
reference to the general policy of the country, involving 
safety, accommodation, and convenience for passengers 
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and goods, speed, and economy. Upon these various 
points, they enter with great minuteness, and sum up as 
follows : — 

" 1. That as regards the safety, accommodation, and 
convenience of the passengers, no decided preference is due 
to either gauge, but that on the broad gauge the motion is 
generally more easy at high velocities. 

" 2. That in respect of speed, we consider the advantages 
are with the broad gauge, but we think the public safety 
would be endangered in employing the greater capabilities 
of the broad gauge much beyond their present use, except 
on roads more consolidated and more substantially and 
perfectly formed, than those of the existing lines. 

" 3. That in the commercial case of the transport of 
goods, we believe the narrow gauge to possess the greater 
convenience, and to be the more suited to the general traffic 
of the country. 

" 4. That the broad gauge involves the greater outlay, 
and that we have not been able to discover either in the 
maintenance of way, in the cost of locomotive power, or in 
the other annual expenses, any adequate reduction to com- 
pensate for the additional first cost. 

" Therefore, esteeming the importance of the highest 
speed on express trains for the accommodation of a com- 
paratively small number of persons, however desirable that 
may be to them, is of far less moment than affording in- 
creased convenience to the general commercial traffic of the 
country, we are inclined to consider the narrow gauge as 
that which should be preferred for general convenience ; 
and, therefore, if it were imperative to produce uniformity, 
we should recommend that uniformity to be produced by 
an alteration of the broad to the narrow gauge, more 
especially when we take into consideration that the extent 
of the former at present in work is only 274 miles, while 
that of the latter is not less then 1901 miles ; and that the 
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alteration of the former to the latter, even if of equal length, 
would be the less costly as well as the less difficult oper- 
ation." 

The Commissioners guard themselves against expressing 
an opinion in favour of the narrow gauge of four feet eight 
and a half inches, as in all respects the most suited for the 
general objects of the country. But, on the whole, they 
submit the following recommendations : — 

" 1. That the gauge of four feet eight inches and a half 
be declared by the legislature to be the gauge to be used 
in all public railways now under construction, or hereafter 
to be constructed, in Great Britain. 

"2. That, unless by the consent of the legislature, it 
should not be permitted by the directors of any railway 
company to alter the gauge of such railway. 

"3. That, in order to complete the general xshain of 
narrow gauge communication from the north of England 
to the southern coast, any suitable measure should be pro- 
moted to form a narrow gauge link from Oxford to Bead- 
ing, and thence to Basingstoke, or by any shorter route 
connecting the proposed Rugby and Oxford line with the 
South- Western Railway. 

" 4. That as any junction to be formed with a broad 
gauge line would involve a break of gauge, provided our 
first recommendation be adopted, great commercial con- 
venience would be obtained by reducing the gauge of the 
present broad gauge lines to the narrow gauge of four feet 
eight inches and a half; and we, therefore, think it desirable 
that some equitable means should be found of producing 
such entire uniformity of gauge, or of adopting such other 
course as would admit of the narrow gauge carriages passing, 
without interruption or danger, along the broad gauge 
lines." 

The report is signed by " J. M. Frederic Smith, Lieut. 
Col., R. £.," " G. B. Airy, Astronomer Royal," and M Peter 
Barlow." 
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The report admits, what has been long believed, 
that the advantage of high velocity and ease of 
motion is with the broad gauge ; that the driving 
wheels with it admit of greater diameter, which 
is favourable to high speed ; and that a greater 
evaporating power can be given to the boiler 
without its undue elongation; while with the 
narrow gauge, the increase of evaporating power 
cannot be got without the elongation of the boiler, 
or raising its centre of gravity, both of which are 
dangerous at high speeds. Or should the power 
be increased by placing the cylinders of the 
engine outside the framing, it tends to produce 
at high velocities a rocking and irregular motion 
of the engine. 

The Commissioners remark, " that the result 
has been, that we are fully satisfied that the 
average speed on the Great Western, both by 
express trains and by the ordinary trains, exceeds 
the highest speed of similar trains on any of the 
narrow gauge lines." From experiments made, 
the average speed of a train of 80 tons, exclusive 
of engine and tender, on the Great Western, was 
found to be 47*5 miles per hour. On the narrow 
gauge the speed was less, and when attempting a 
high velocity the engine ran off the rails, 

A A 
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Notwithstanding that the report appears to be 
in favour of the broad gauge, except for the con- 
veyance of goods, the Commissioners recommend 
that, in future, all railways be constructed of the 
narrow. This conclusion is, no doubt, come to 
merely on the ground of the convenience of haying 
a uniformity of gauge. They likewise remark, 
" as regards the safety of the passengers, no pre- 
ference is due with well-proportioned engines 
except at high velocities, when we think the pre- 
ference is due to the broad gauge." 

It is thus admitted that for passenger traffic 
the advantage lies with the broad gauge ; for 
although high velocities must be deprecated as 
endangering public safety, if carried to an undue 
excess, especially on lines where the railway is 
not of sufficient substantiality to bear it, still as 
rapid travelling is a desideratum by many, if kept 
within prudential limits, it must be an object if it 
can be combined with perfect safety. The pre- 
ferable gauge must therefore be the broad one, 
" where the motion is generally more easy at high, 
velocities," and where no necessity exists of over- 
forcing or taxing ingenuity to give power to 
machinery when there is not space to place it. 
With the public mind the question of the gauge 
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will still be very much where it was. It might 
have been useful, had the point been more fully 
considered in the report, as to the practicability of 
converting the narrow into the broad gauge, or 
establishing an intermediate one. 

The following among other appendices are 
subjoined to " the Report," seemingly, to show 
that by excessive speed accidents will occur on 
both gauges. 



Statement of Accidents abstracted from the Reports of the 
Railway Department of the Board of Trade, in which the 
Engine and Carriages, or some part of the Train, have 
run off the Line, without any known obstruction, from 
September, 1840, to March, 1845. 



Date of 
Acci. 
dent. 


Name of Railway. 


-C 

12 <~ S? 

« ^ 


Deaths and 
Injuries. 


Nature and Cause 

of the 

Accident. 


Killed. Injured. 

4 ' 6 

... j . 

1 

1 « ! * 

1 - ! 
i ... i . 


• 1840. 
Oct. 19 

Nov. 8 

1841. 
Sept. 7 

Oct. 2 

1843 

Nov. 15 

1814. 

1 Oct. 31 

1 


Eastern Counties 
Midland Counties 

Great Western 

' London and Brigh- 
i ton. 
South -Eastern 

1 Newcastle and Car- 
I lisle. 


Ft. In. 

5 
4 8£ 

7 

4&* 
4 8$ 
4 84 


Excessive speed. 
Excessive speed. 

One engine out of 
two off the line. 

Bad road and ex- 
cessive speed. 

Cause not known. 

Excessive speed. 

1 
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Similar Accidents which have occurred since the last Report 
of the Board of Trade, from March, 1845, to the 1st of 
January, 1846. 



Date of 
Acci- 
dent. 



Name of Railway. 


5 £ 


Deaths and 
Injuries. 




Killed. 


Injured. 




Ft.In. 






Great Western 


70 


... 


sereral 


Great Western 


70 


... 


... 


Northern and Eas- 
tern. 

Northern and Eas- 
tern. 


48* 
4 8J 


2 


sereral 
2 


Manchester and 
Leeds. 


48J 


... 


several 


Norfolk 


4»4 






York and Darling- 
ton. 


48* 


2 


3 



Nature and Cause 
of the 



1845. 
June 16 



June 

Aug. 4 
Aug.19 

Aug. 18 

Dec. 

1846. 
Jan. 



Express train-car. 

riages only olfthe 

line. 
Ditto, a similar 

accident, not re- 
ported. 
Cause not 

tained. 
Supposed 

defective joint. 

Less speed re- 



Express trains 
thrown orer an 
embankment. 



Experimental train | 
—speed 48 miles. I 



DIFFERENCE OF OPINION AS TO GRADIENTS. 



That the uncertainty which hangs round many 
of these points should lead to expensive altera- 
tions need not excite surprise, and that accidents 
should spring from such causes is equally ap- 
parent. Even the datum * of a railway section is 

* The datum is the horizontal line in a railway section, 
from which the heights or depths of the places are measured, 
and to which all levels refer : by the Standing Orders the 
datum must refer to some fixed mark. 
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not defined, some engineers considering it desira- 
ble that one datum should be fixed for all railways 
in Britain, while in practice it is not so. 

It has been seen that the invention and per- 
fecting of the locomotive engine was a work of 
time. After the maturity locomotive travelling 
has reached, one can hardly doubt that, with so 
powerful and controllable a motar, the safety on 
railways will be much greater than it has been. 
One thing seems apparent, that the use of loco- 
motive engines cannot now be objected to from 
the want of sufficient power. It has, indeed, 
been well remarked, that with steam as a moving 
power, the quantity of work to be performed 
need never be diminished, as the performance of 
it can always be effected by augmenting the 
power of the engine, provided the works are so 
substantial as to bear it; and this result has 
been fully verified in the history of the locomo- 
tive engine, as it has been shown that the rails have 
been increased from 50 lb. even to 85 lb. per yard. 
It has been shown that the old rule, which but 
a few years ago obtained, that a gradient of more 
than 1 in 105 could not be profitably worked 
except by stationary engines is a fallacy, for such 
has been the success from the recent — practical, 
not theoretical — improvements made in locomo- 
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tive engines to adapt them to ascend steep gra* 
clients, that it is probable it may lead to material 
changes in railway construction. If a gradient 
of 1 in 37 can be overcome, one of 1 in 75 cannot 
now present much engineering difficulty. It has, 
indeed, been considered possible, by the increase 
of power given to locomotives, and by improve- 
ments in their construction, to enable them to 
ascend steep inclines, in many cases, to avoid 
tunnels, viaducts, and other expensive earth 
works, which so much increase the first cost of 
railways. Whatever may come of the contem- 
plated saving, there is evidence sufficient to show 
that engineers do not now hesitate to adopt steeper 
gradients than formerly to overcome physical ob- 
stacles. This idea has been adopted by the 
engineer of the Caledonian Railway, who stated 
in evidence that he gave a preference to a straight 
line, with steep gradients, to a curved line, with 
better gradients. On this line, now in course of 
formation, there is an incline, rising I foot in 75, 
and 1 in 100, for 9 miles between Beatock and 
Evan Waterfoot, — 5 miles of which is 1 in 75. 
By reference, likewise, to many Railway Acts, 
and prospectuses of projected lines, inclines of 1 
in 70 to 1 in 80 in the line of way will be found, 
and steeper inclines for short distances. The 
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former class of gradients is to be worked with or 
without assistant engines ; the latter with special 
engines. On the Beatock incline, from the length, 
an assistant locomotive engine is to be maintained. 
Nothing, however, shows more the uncertainty 
which surrounds the subject of railway engineer- 
ing than the opposite opinions entertained. It is 
remarked by one engineer that he sees no reason 
why, in many cases, hydraulic locks should not be 
used to do away with inclined planes altogether. 
The same idea, several years previously, is given 
by another writer ; namely, that a train might be 
changed from one level to another upon a plafc 
form raised by machinery; — a plan which has 
lately been proposed for another purpose, that 
of overcoming the obstacle of different gauges of 
rails. 

Whether the proposal to do away with inclined 
planes or to overcome steep gradients on railways 
by increase of the tractive force, is to be suc- 
cessful, time can only tell ; but so far as has been 
accomplished with the locomotive principle, there 
does not appear any valid reason for superseding 
it on this ground by the atmospheric system. The 
success attending the applications of the loco- 
motive engine for steep gradients has, of late, 
led to very sanguine views being entertained of 
A a 4 
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greater improvements yet to be made on it. 
Beyond a certain angle and rate of speed they 
never can go with safety, and even in ascending 
the angle they can now do, there is, as one 
writer expresses it, such a development of asth- 
matic symptoms as to satisfy any one of the 
strain and loss of power undergone. To be 
satisfied with the application of the impelling 
power to ascend moderate gradients seems the 
best plan; for even were steep gradients easily 
ascended, they must be with risk descended. 
Extreme gradients obviously involve much danger 
in traversing them, and nothing but the result of 
ample experience will satisfy any prudent person, 
so far as is yet known, that in railway formation, be 
the cost of works what it may, moderate gradients 
should be dispensed with. If, by the substitution 
of powerful locomotives, tunnels, viaducts, and 
quick curves can in any degree be done away 
with, an object of importance is gained. While, 
however, duly appreciating the skill displayed by 
which steeps of considerable altitude are climbed, 
it must not be overlooked that the triumph of 
railway engineering lies in good gradients, and 
that every departure from the level is attended 
with a certain loss of power. 
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CAUSES OF RAILWAY ACCIDENTS. 

From the rapidity with which railways have 
been extended since 1830, there has hardly been 
left sufficient time for matured experience to per- 
fect details. The numerous and fatal accidents 
which have happened with locomotive engines 
were supposed to be necessarily attendant on the 
infancy of the system, and as more experience 
was acquired in it, it was presumed, they would 
be got the better of ; but their continuance has 
created well-grounded alarm as to the efficiency 
of the system itself, and led, as we have seen, to 
the consideration if a safer method of traction 
could not be substituted. The absurdity of the 
advocacy adopted by its sanguine supporters has 
done much towards weakening the public con- 
fidence in the locomotive system. By these 
persons it has been argued, in favour of the com- 
parative safety of locomotive transit, that the 
number of accidents bears no proportion to the 
number of passengers, which, in 1842 alone, were 
estimated at 18,000,000. But what force can 
there be in such a comparison ? The question is 
not one of per centage or statistics, but, is loco- 
motive travelling based upon correct principles 
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for general safety ; for, were even the chances of 
death as only 1 to 1000, why should one be 
exposed to this contingency, or run this risk, if 
it can be avoided ? 

The total number of personal railway casual- 
ties reported to the Board of Trade for the 
quarter ending the 1st of April, 1845, was 39 ; 
being 22 deaths, and 17 injured. In the succeed- 
ing quarters of 1845, the numbers are probably 
greater. 

It has, indeed, been attempted, from the official 
reports of preceding years, to show a progressive 
diminution of accidents from the 12th of August, 
1 840 (the date of the passing of the act for the 
regulation of railways) to the 1st of January, 
1842; but there is no truth in the statement. 
During the last five months of 1840, by these 
official reports, the number of accidents of a public 
nature were 28, by which there were 22 deaths, 
and 121 cases of personal injury. In 1841, the 
accidents were 29, from which there were 22 
deaths, and 71 injured. It is quite certain that 
though railway accidents vary in particular years, 
yet there is, in reality, no more diminution of 
them on any fixed data of calculation, than there 
was before that act was passed, or even from the 
opening of the Liverpool and Manchester Rail- 
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way. It is, therefore, quite a mistake, and has 
the tendency of miskading the public to suppose 
it otherwise. The remedy for the evil is much 
more likely to be found, and a cure effected, by 
open investigation than by attempting to conceal 
it or gloss it over. 

As the railway movement must now proceed, 
it therefore becomes, as has been observed, 
of the greatest importance, both to the nu- 
merous undertakings established, or to be esta- 
blished, and to the convenience of the public, 
that every thing should be done, which care and 
attention can do, to make railway communica- 
tion as perfect as possible. In order to effect this, 
much more is necessary than well-laid roads and 
well-constructed locomotive engines. Punctuality 
is of vast importance in railway business. Men 
who are to direct and manage should be men of 
ability and energy, capable of seeing quickly what 
ought to be done, and of enforcing discipline. It 
has been complained of — that, with the increase 
of railway business, confusion has increased, and 
uncertainty as to the arrival and departure of 
trains, which did not previously exist. It has 
been complained of — that, instead of growing more 
perfect by practice, the increase of business has 
made railway travelling somewhat less perfect, 
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less to be depended on, than it was. The movcH 
ments of a great railway require to be governed 
with as much precision as a great army. Strict 
discipline should be enforced every where. 

It is much to be feared, as the railway system 
is extended, that without the exercise of such vigi- 
lance as here enforced, confusion may be increased, 
and, instead of railway accidents being diminished 
by experience, they may be multiplied. It may be 
useful, therefore, to attempt to trace the real 
causes of the frequent accidents on railways. 



RAILWAY ACCIDENTS. 

Railway accidents, with the locomotive system, 
may be classified under two heads : — 

1. Those accidents arising from mismanage* 
ment, or from railway administration, and from 
negligence. 

2. Those arising from errors in railway con- 
struction or defect in any part of the working 
apparatus. 

Under either of these heads, but especially the 
first, accidents are so numerous and multifarious, 
that it would fill volumes to describe them ; and, 
indeed, it almost becomes a rare circumstance to 
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take up a newspaper without the eye falling on 
the words " Fatal or Serious Railway Accident." 

Under the head of accidents attributable to 
mismanagement, or to the railway administration, 
and from negligence may be classed the numerous 
collisions of trains — the running of one train into 
another ; the running of carriages off the rails 
from extreme or reckless driving. 

Under the head of accidents, arising from defect 
in railway formations, may be classed carriages 
running off the rails from the imperfect state of 
the rails or sleepers; want of consolidation or 
solidity of embankments; improper curves; de- 
fective fences, bridges, viaducts, and tunnels; 
imperfect state of the engines; boiler explosions ; 
ignition and burning of goods and carriages, &c. 
But some of these may also in part be attributed 
to mismanagement or the administration. 

There is a third class of very serious accidents 
on railways, by which many deaths have oc- 
curred, but which it does not fall under the 
object of this work to dwell upon, although, no 
doubt, many of them might be averted were there 
existing a more perfect system of railway sur- 
veillance — I mean accidents which are commonly 
considered attributable to the imprudence of 
parties themselves. 
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I. ACCIDENTS ARISING FROM MISMANAGEMENT 
OF THE RAILWAY ADMINISTRATION, AND 
FROM NEGLIGENCE. 

There is no class of accidents which it may 
be presumed admits of a more certain remedy than 
those arising from mismanagement. This mis- 
management often proceeds from false economy 
in the employment of persons at a low salary who 
may be unacquainted with railways, and who can- 
not from previous habits appreciate the advan- 
tages of a well-maintained system of discipline, — 
or it may sometimes arise from retaining and 
using imperfect engines and from the want of a 
proper supply of these to work the line. 

The want of an efficient head or strict super- 
intendence at head-quarters extends its baneful 
influence over subordinates, and the railway sys- 
tem never can be efficient unless throughout 
every branch of it the most perfect vigilance, 
regularity, and attention be maintained — and 
persons be appointed, not because they have 
interest to obtain a situation, but because their 
services are valuable for the post they are to fill, 
from their knowledge and experience. By liber-. 
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ality and encouragement, and the employment of 
able persons, accidents would soon be diminished. 
Without entering into minute particulars, I shall, 
for the sake of illustration, give notices of a few 
accidents under the first head, that of mismanage- 
ment, gleaned from the journals of the day. 



ACCIDENTS FROM COLLISION. 



A case was brought before William JefFcock, Esq., the 
sitting magistrate at the town-hall, Sheffield, Aug. 15. 1845, 
which shows in a remarkable degree the sad results — 
probably death or injury to some fifty or sixty persons — 
which might have arisen from the gross misconduct of an 
engine-driver, in the employ of the Midland Railway 
Company, and which was only prevented by the extraor- 
dinary presence of mind of another engine-driver named 
Tallent. 

Robert Bell, a man about 40 years of age, was brought 
up in custody, charged under the Railways' Regulation Act 
(commonly called Lord Seymour's Act), with gross miscon- 
duct whilst in the service of the Midland Railway Company 
as an engine-driver. For some time past, workmen have 
been employed on about two miles of one line of rails, in 
taking up the old and laying down new ones of a heavier 
description, and in consequence only one line of rails was 
available for the passage of the trains both ways. As a 
necessary precaution against* any collision, men had been 
placed at signal-posts a short distance from each other along 
tiie portion of the line under repair, and the engine-drivers 
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had received strict and special injunctions never to pass 
over the ' points ' at each end, at a greater speed than five 
miles an hour, and that upon a train being due from Mas- 
borough or Rotherham, the trains from Sheffield should 
stop upon the usual signal being given at the end of the 
piece under repair nearest Sheffield, until the train ap- 
proaching in the opposite direction should have passed over 
the ' points ' to its own line again. On Sunday afternoon 
the engine, of which the prisoner was the driver, was 
attached to the train which left Sheffield a few minutes 
before five o'clock, to meet the train from London at Mas- 
borough, and nothing unusual was observed in the prisoner's 
conduct until the train was stopped at a distance from any 
station, without any signal being given, and in the middle 
of the long cutting at Brightside. Upon the guard getting 
off his seat, and making inquiries, the prisoner was unable 
to say from what cause he had stopped the train, and the 
guard then saw from his appearance that he was intoxicated. 
After cautioning him, the guard allowed him to go on in 
charge of the train, and on nearing the point where the line 
was used both ways, he saw that the signal to stop was 
shown, and that the train due from Rotherham was ap- 
proaching in the contrary direction, but on the same line of 
rails. Seeing that the prisoner did not appear to notice 
these, he called out to him as loud as possible to shut off 
his steam, and at the same time the stoker, who was on the 
tender, pointed out to the prisoner the danger they were 
in. 

The prisoner then went to the side of the engine, but in- 
stead of shutting off the steam, he turned it the reverse 
way, thus putting the engine to its full power. They were 
then within a short distance of the points, and the driver of 
the other engine, seeing from the speed at which the pri- 
soner's engine was coming, that it was impossible for him to 
stop before he crossed the points, and that a collision was 
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inevitable unless he could get. over the points to his own 
line before the prisoner's train reached them, instantly put 
on the whole of his steam, and providentially got over just 
as the prisoner's engine passed within a few inches of the 
last carriage in his train. The two trains were proceeding 
at the rate of thirty miles an hour, over an embankment, 
and another instant would have brought them in collision 
with each other ; and if this had taken place, it was impos- 
sible to say, and horrible to think of, what might have been 
the dreadful consequence. 

A fearful collision took place on the Birmingham and 
Gloucester railway, on Saturday, Aug. 30th, 1845, by 
which one engine man was killed on the spot, another 
so much injured that his recovery is impossible ; and the 
two stokers and several passengers have received severe 
injuries. On reaching the spot where the catastrophe had 
occurred, near the Defford station, the scene of wreck and 
destruction baffled all description. Two trains had evi- 
dently come into collision; the engines, shattered and 
broken, were lifted high in the air on a mass of broken 
carriages, trunks, and luggage, the debris of which was 
scattered over the road for a considerable distance ; but, to 
add to the horrors of the scene, the burning cinders from 
the engines had set the wreck on fire, which a number of 
workmen were endeavouring to extinguish. Although 
several of the officers of the line were standing around it 
was impossible to ascertain with any certainty how the col- 
lision really occurred ; one policeman, who appeared in* 
clined to be communicative, being instantly checked by 
one of his superiors in authority. This much, however, was 
admitted, that one of the engine-drivers lay dead in a shed 
near the spot, that another had been conveyed to Worcester 
in a shockingly mutilated condition, and that two stokers 
and several passengers were more or less injured. Tho 
B B 
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damage done to the engine and carriages was roughly esti- 
mated at from three to five thousand pounds. 

The collision appears to have taken place under the fol- 
lowing circumstances : — the third class train leaving Bir- 
mingham at half-past four o'clock last evening, was due at 
Defford station at fifty minutes past nine. It had arrived 
safely near that spot, and was proceeding at its usual pace, 
when it had to pass a spot where, owing to some repairs, a 
single line of rails only was in use ; while traversing these 
it was met by a special passenger train, proceeding on the 
same line of rails at a rapid pace towards Birmingham. 
Neither party being aware of the proximity of the other, a 
collision was the result, which has thus been attended with 
such serious and fatal consequences. 

It would be premature, with our present limited means 
of information, to inquire by what means the two trains 
could thus come in collision ; but* that there was great 
blame and mismanagement somewhere is but too evident ; 
and occurring, as it did, in the darkness of night, and when 
both trains were going at their full speed, it is only to be 
wondered at that a greater sacrifice of life and property 
had not been the result. It is but justice to the managers 
of this line to state that, although several fatal accidents to 
the company's own servants have occurred, yet that since the 
opening of the line, now nearly seven years, not a single 
passenger has lost his life or sustained any serious injury. 

A frightful, but fortunately not a fatal accident, hap- 
pened at Preston on Sunday, Sept. 18. 1845, at eight o'clock. 
As a train of nearly thirty carriages was starting slowly 
from the Preston and Wyre Railway station there for Fleet- 
wood, and was crossing the Lancaster line, which is close to 
it, and before it had got half over, a train from Lancaster 
dashed right into it. The engine threw up and damaged 
two of the Fleetwood carriages, containing nearly one hun- 
dred persons, got off the rail, and was almost immediately 
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brought to a stand-still thereby, and by the weight of the 
two carriages, which hung across it like a pair of panniers, 
The carriages are such as are used for goods and cattle, but 
were this morning crammed full with human beings.' The 
consternation was great enough, but providentially the 
injuries to the passengers are not serious. The cause of the 
accident may be attributed to the Lancaster train leaving 
Lancaster much past its time, and coming almost into 
Preston at nearly thirty miles an hour instead of seven or 
eight. Signals were made for it to stop, but the efforts of 
the driver were ineffectual to check the engine, which was 
a light four-wheeled one. 

A railway train collision took place on the Newcastle and 
Darlington Railway between Sunderland and Brockley 
Whins, Oct. 1845. The following particulars are by a 
gentleman who was present : 

We started from Sunderland by the half-past three 
o'clock p.m. mail train. Before we had proceeded above 
half a mile, we came in contact with the three o'clock 
train from Newcastle, both proceeding at a quick pace at 
the time. The collision was most fearful, and the conse- 
quences very serious to the passengers. Our passengers 
included several gentlemen, and about half a dozen ladies. 
Not a single person travelling with our train escaped injury. 
A Mr. Richardson and a Mr. Gutch were both badly 
bruised, and especially the latter gentleman, whose face was 
painfully disfigured. lie was rendered very feeble owing 
to loss of blood. Our stoker had, I believe, his arm broken, 
while the engine-driver, seeing his danger, saved himself by 
leaping off the engine. A boy, about fourteen years of 
ajje, had his eyes frightfully bruised and cut. One gentle- 
man sustained a contusion on the leg. All the women were 
severely stunned, but more particularly two of them, one 
of whom had an infant at the breast in her arms at the 
time. The child did not seem to be much the worse. Having 

BB 2 
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only one carriage with our train, it is miraculous that every 
life was not sacrificed. The massive iron of our engine and 
tender was shattered to pieces, and our escape from certain 
death can only be ascribed to a strong truck which was 
placed between our carriage and the engine. That coming 
from Newcastle was a larger train. Its engine was likewise 
much broken, and many of the passengers injured, but less 
seriously than those of the other train. What is inexcusable 
in connection with the sad occurrence is, that it took place 
at a junction of two lines (the one being a diversion for 
the conveyance of coals), where there is only a single 
row of rails, and where the signal flags for the Newcastle 
train to stop were actually hoisted at the time. When the 
engine-driver of that train, however, was asked why he did 
not stop, his only reply was, that he was aware he ought to 
have stopped, and did not know why he did not do so. 



ACCIDENTS FROM ONE TRAIN RUNNING INTO 
ANOTHER FROM OVERTAKING IT, OB THE 
LIKE. 

' But railway collisions seem to arise more fre- 
quently from trains being run into from behind 
than from frontal concussion. Public attention 
has recently been called to the very dangerous 
practice of having an assistant engine to follow 
the trains from the serious accidents which oc- 
curred on the Eastern Counties' and other rail- 
ways. 

An accident having occurred on the Eastern Counties* 
Railway, on Monday, 29th July, 1845, one of the ] 
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gers stated, that having heard a noise behind, between 
Romford and Brentford, he looked and saw an engine 
following the train at full speed : a violent shock took 
place, and a lady had her mouth much cut and her back 
injured. 

The practice of having an attendant engine 
to push a heavy train up an incline is a com- 
mon one. But this plan should, if possible, be 
avoided by the engineering arrangements, for 
where the attendant engine is permanently re- 
quired to work the line, it remains as a perma- 
nent defect to the railway. Nothing can be 
conceived more positively dangerous in locomotive 
traction than placing passengers between two 
powerful machines, each itself sufficient to crush 
to atoms the intermediate carriages, while the 
least derangement of the motion of one engine, or 
the other, must be attended with a severe shock. 
Truly the passengers in such a position may say 
to turn from Scylla is to fly to Charybdis. If 
passengers knew the real danger of such a posi- 
tion, they would not be so eager to get into a 
railway train, but rather refuse at once, as a body, 
to enter the trains until the following after en- 
gine was removed. If a few of the directors or 
office-bearers of railways, where such a system is 
adopted, were accidentally subjected to the dread- 
ful crush of a powerful assistant locomotive engine 
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rushing into their carnages, it might tend to dis- 
card for ever a practice so derogative to railway 
engineering. It is a practice indicative of trifling 
with the public safety, from mistaken economy, 
to save, perhaps, the expense of the formation 
of proper working gradients. 

It was stated, in the session of parliament, 1845, 
by one member, that he had been much alarmed 
on the Dover line by seeing an engine propelling 
a train behind in which he was. Numerous let- 
ters in the newspapers frequently describe the 
alarm of passengers from the continuance of this 
practice. It was only lately much alarm was 
created to the passengers on one railway from 
two large trains, proceeding at the rate of thirty 
miles an hour, each propelled by a locomotive 
behind. There can be little doubt frequent con- 
cussions arise from the attendant engines, which, 
if unproductive of serious accidents, are never 
known to the public ; and when to use an assist- 
ant engine behind the train is so obviously 
attended with danger, the wonder must be how 
any railway company can permit it. Where 
an excessive incline exists, injurious to the 
general working of the line, and which cannot 
be surmounted with one powerful locomotive, 
the assistant engine should be placed in front 
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of the train. On one railway, where a very 
steep ascent of 1 foot in 40 is regularly gone 
up by locomotives, the ordinary engine is first 
attached to the train, and in front of it a 
powerful auxiliary locomotive, made expressly 
to be used on the incline. When the summit 
is reached, the leading engine draws off the line 
and permits the second engine to proceed with 
the train without interruption. I have seen 
eighteen heavy-loaded carriages with passengers, 
besides luggage-vans, and the two engines ascend 
this incline at considerable velocity. 

An accident occurred on Sunday, 17th August, 1845, 
at the Derby station, on the North Midland Railway, 
to the mail train from Leeds, which, though fortunately 
not attended with fatal results, was productive of serious 
injury and alarm to the passengers. The train had reached 
the ticket platform in safety, when the highly reprehen- 
sible practice of detaching the engine from the front, and 
placing it at the back of the train, to propel it into the 
station, was adopted. The engine not having been stopped 
in time, or the break not applied, the train was forced 
into the station-house with great violence, smashing 
the first carriage, and throwing it up on the platform, 
and breaking the strong iron and wooden balustrades 
that are placed there to keep off the passengers. All the 
passengers were thrown from their seats by the violence of 
the shock. Fortunately no bones were broken ; but many 
persons received severe cuts and contusions, heads and faces 
were dreadfully disfigured, and one lady was sadly shaken 
by the concussion. Several minutes elapsed before any at- 
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tention was paid to the injured individuals, who were at 
length taken to the infirmary, where their wounds and bruises 
were dressed, after which they were enabled to proceed by 
the next train. In this accident not the slightest palliative 
presents itself for the recklessness of the railway people. 

A dreadful collision took place upon the Eastern 
Counties Railway, in August, 1845, by which one per- 
son nearly lost her life, and several others were most 
seriously injured. The train, which leaves the station, 
Shoreditch, at half-past twelve, p.m., was proceeding at a 
rapid rate, between Romford and Brentwood, and when 
about half-way between those stations, a dreadful collision 
took place, by which the passengers were thrown violently 
from their seats, and dashed against each other and the sides 
of the carriages, occasioning considerable injury and alarm. 
Jt was some time before the train could be stopped, or the 
extent of the injuries ascertained. On the stopping of the 
train, it was found that the cause of the accident was the 
"breaking away of the last carriage. The trains, at this por- 
tion of the line are propelled by two engines, the one before 
and the other behind; and, from some cause or other, the 
hindmost engine broke away the last carriage from the train 
and afterwards ran into it, by which the injuries were 
caused. 

A very alarming accident occurred at the railway 
terminus at Bristol, on the night of Thursday the 18th 
September, 1845. A train from Gloucester ran into the 
Exeter luggage-train, while the latter was passing from the 
Bristol and Exeter to the London line, and seven trucks 
were smashed. There were two hundred passengers, but no 
one appears to have been injured. " Our informant," says 
the Somerset County Gazette, "attributes the damage to the 
carelessness of the engine-driver upon the Gloucester line 
as the Exeter train had the red lights burning on the last 
carriage." 
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A serious railway accident occurred on the Eastern 
Counties' railway, at the Waltham station, on Monday morn- 
ing, November 10. 1845. A truck of the goods' train be- 
came disabled: this caused a stoppage, and before it was 
finally cleared the fish train from Yarmouth, to which a 
second class carriage and a truck, with sheep merely, were 
attached, arrived, and was detained close to the station. 
The mail train, due at 5 o'clock, being now expected, a 
person with an alarm signal was sent down the line for two 
hundred yards ; but, from some unexplained cause, the train 
was not stopped sufficiently in time to prevent it running 
with terrific force into the first train. The effect was the 
destruction of the truck containing sheep, and the overturn- 
ing of the second class carriage into a ditch. There were 
only two passengers in the carriage, one of whom had 
his right arm put out of joint, and was otherwise much 
bruised. The other was severely cut about the head. The 
engine of the mail train was completely overturned ; the 
driver and stoker miraculously escaped without a bruise, 
and neither passengers nor carriages were the least injured. 
On Wednesday night November 26th, 1845, an accident 
occurred on the Great Western railway, which providentially 
took place without injury to servants or passengers. There 
is an engine employed at the Box station to assist or push 
the luggage trains through the tunnel ; and, in consequence 
of the darkness of the night, and the noise of the wind, 
the driver started this engine a little too soon, and, almost 
immediately, ran into the train sideways, striking one of the 
trucks near the end. The force was so great that the engine 
was thrown across the rails, and eight or nine trucks driven 
out of their course, with a third class passenger carriage with 
passengers. About a quarter of a mile on, the couples di- 
vided, aud trucks, carriages, and all went into the bank, the 
rest of the train proceeding as if nothing had happened. 
The policemen on duty were immediately at hand, and de- 
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livered the passengers from their dark and dreadful state, 
but, strange to say, not one of them was injured. On pro* 
ceeding to the engine the driver and stoker were alike un- 
injured, a heavy fall being all they had to complain of. IVo- 
bably such a narrow escape was never before known, when 
it is considered that there were three engines in front and 
upwards of forty trucks ; that the assistant or ' bank en- 
gine/ as it is called, struck the train within a few feet only 
of the passenger carriage, and that after the collision had 
taken place, and the following trucks were driven off the 
rails, they were dragged off a quarter of a mile, tearing np 
the cross wooden bars and the ground in their course. 

On Tuesday morning, 2d December, 1845, about one 
o'clock, an accident occurred on the York and North Mid- 
land railway, in consequence of a special train running into 
a luggage train, a little beyond the Barnsley station. No 
lives were lost in the collision, though one of the passengers 
in the special train received a severe contusion on the leg 
and the stoker had his foot seriously bruised. Several of 
the carriages of the luggage train were shattered, and some 
sheep which they contained killed. 

On December 10th, 1845, a collision took place, on the 
York and Scarborough railway, by which several persons 
were severely injured, owing to the reckless conduct of an 
engine-driver. He was the driver of a ballast-train; and, 
instead of propelling his train into a siding, previous to the 
expected arrival of a passenger-train, he continued on the 
main line till it was too late to prevent an accident. 

On the morning of January 13. 1846, a somewhat alarm- 
ing collision took place on the Cleland Railway, close to its 
junction with the Wishaw and Coltness line, at the Holy- 
town Station. The wooden waggon which leaves the 
Newarthill depot at nine o'clock, with passengers for the 
Wishaw and Coltness train to Glasgow, was proceeding 
rapidly in this manner towards its destination, when* 
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whether from neglect on the part of the conductor, or the 
insufficiency of the drag, we know not, it came into violent 
contact with some stationary trucks at the Holytown Station ; 
and the passengers' waggon being unprovided with buffers, 
springs, or anything that could soften the effect of such a 
collision, the whole of the passengers were projected roughly 
forward ; many of them were more or less injured, and one 
gentleman, in particular, had one or more of his ribs 
broken. 

On the Dover or South Eastern line, on 29th 
July, 1845, an accident occurred which, al- 
though not exactly originating from the use of 
the attendant engine behind, yet fully proves the 
danger which arises from engines following after 
a train. 

It appears that when the evening train from Dover 
had arrived at Tunbridge, the last of the carriages, at the 
back of which the signal lamps showing behind were placed, 
was detached from the train. The train from want of ma- 
nagement or circumspection (attributed to the confusion of 
the moment) was allowed to proceed without them. To 
complete the disaster a pilot-engine was absurdly sent after 
the train with the lamps left behind, and when the train was 
in the act of stopping at Penshurst station, the pilot-engine 
coming up suddenly, without perceiving it, ran into the 
train behind, when instantly three or four of the carriages 
were doubled up, and about thirty persons received con- 
tusions ; one had his leg fractured, another received a 
severe injury of the spine. 

The driver of the pilot-engine on his examination stated 
in extenuation, that in coming up with the train he did 
not observe it, till it was too late to prevent the concussion. 
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The person who sent forward the lamps said that he con- 
sidered it his duty to do so, to guard against other conse- 
quences. The resident engineer observed that he could not 
say whether it was proper or improper to send forward the 
signal -lamps with a special engine. He admitted it was a 
new practice, but it was done for the best, to prevent per- 
haps a serious accident to the train when reaching without 
lamps the Brighton line at Reigate, where so many trains 
meet. 

In this accident may be fully perceived the 
want of a calm and deliberate survey of the train 
before allowing it to start from the station, 
which it was the duty both of the guard and 
the station-keeper to have made ; for if this had 
been done the accident could not have happened : 
it shows the folly of a hasty, blustering system 
of confusion and mismanagement, and the evil 
effects resulting from a reckless, constrained, 
forcing system of undue speed, not permitting 
a sufficiency of time at stations either for pas- 
sengers to join or leave trains, far less to disen- 
gage or attach a carriage to the trains. It also 
proves the extreme danger in almost any circum- 
stances of permitting one locomotive engine to 
follow the path of another. For without there 
can be a sympathy, which is an absurdity, be- 
tween the engines to regulate their respective 
velocities, they may be brought in an instant in 
contact. 
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Few accidents can be traced more distinctly to 
clear and defined causes, and it is fortunate it is 
so; for could no explanation be given of it, a well- 
grounded alarm would exist against the whole 
railway locomotive system, which would tend to 
the entire loss of public confidence in this mode 
of transit. 

Another serious one occurred on the 30th July, 1845, on 
the London and Birmingham Railway, evidently proceeding 
from want of management, and the defective arrangement 
and intersection of the rails already noticed; but which has 
been attributed to a dense fog preventing the red signal of 
danger being seen at the Camden Town station. The train 
which should arrive at the Euston Square station from 
Birmingham, about five o'clock in the morning, ran into the 
goods' train as it was crossing the line ; two of the leading 
carriages of the train were thrown over by the concussion, 
and several of the passengers were seriously hurt. One 
gentleman had a dreadful fracture of the knee joint, and 
was otherwise injured, and died in the University College 
Hospital seven days after the amputation of the limb* 

In this accident, which might have been still 
more dreadful in its consequences, it is stated, no 
fault was imputable to any one, that it was an 
unavoidable accident, arising from the impossi- 
bility of the engine-driver perceiving the signal, 
in consequence of the fog ; although, at the same 
time, it is admitted that the trains ha'd arrived 
before the regular time, and the goods' train was 
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fifty minutes behind its time. The signal-man, 
at the Camden Town Station, stated that, al- 
though he turned the red signal when the goods 1 
trains began to move, still this signal was not 
sufficient in a dense fog. There was sufficient 
admittance of the confusion of the arrangements, 
and the necessity pointed out of having distinct 
and easily heard signals adapted for foggy 
weather. A blue light might be useful, burned 
when the goods' trains begin to move, and at 
the time the trains are due, and occasionally to 
indicate that the way is clear. 

The verdict given by the jury was, " That Charles Dean 
died from an injury to his left leg, caused by an accidental 
collision on the London and Birmingham Railway near to 
Camden Town; and that the engine marked 91, belong- 
ing to the company of that railway, moved to the death of 
the deceased; that its value is .£1000; and that they make 
a deodand of the same engine to the extent of «£lOOO." 

Tn delivering this verdict the jury express their opinion 
that the laws and regulations of the London and Birmingham 
Railway Company for the guidance of servants have been 
carried out very inefficiently for some time past ; and farther, 
the jury consider that the area of the Camden Town station, 
and the system of rails there laid down, are too much 
cramped and limited, consistently with the public safety. 

ACCIDENTS FROM EXCESSIVE SPEED. 

Another class of accidents arises from mis- 
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management, but from very opposite causes than 
misarrangements, and which may be more pro- 
perly attributed to foolhardiness, rashness, or 
imprudence, although others consider it displays 
fearless intrepidity. And perhaps accidents 
arising from this cause are the most numerous ; 
the least imperfection in the working machinery 
makes their effects more serious. In general, the 
complaint with those who travel much on rail- 
ways is, that they go too fast and not too slow. 
A few years ago twenty miles an hour, as has been 
previously shown, was considered fast travelling ; 
while fifty or sixty, and even seventy miles, in- 
cluding stoppages, is now done ; and an express 
train has gone with a load of eighty tons, exclusive 
of engine and tender, at the rate of sixty-five miles 
per hour, and the regular average speed on the 
Great Western is from 41 to 47 miles per hour. 
All this excites little wonder, and will hardly 
even satiate the growing propensity for rapid 
travelling. 

Some entertain the idea that there is just as 
much personal risk in the event of the collision of 
two trains, when going at a moderate speed, sup- 
pose thirty miles, as there is at sixty miles an 
hour, and that therefore one may just as well go 
by the swift train as by the slow. It may, how- 
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ever, reasonably be inferred, that at the increased 
speed, if an accident does occur, it is likely to be 
more extensively destructive. The effect indeed 
of the collision of a body in rapid motion with one 
with lesser momentum is developed in the general 
destruction of the latter, as is fully proved in 
collisions, both in railway trains and steam-* 
vessels ; hence it is necessary to curb the undue 
speed of the one, if it was no more than to pre- 
vent the destruction of the other. 

There cannot be any doubt that in proportion 
as the velocity or impulse is increased, the con- 
trolling power is diminished. If the speed is. 
increased from thirty to sixty, or seventy, miles per 
hour in locomotive trains, this increased impetus 
must make the train less under control, or more 
difficult to be quickly stopped, even by reversing 
the engine, and therefore the violence of the con- 
cussion must be more dreadful in the event of an 
obstruction appearing on the line. There is an 
example of this afforded by a fatal accident which 
occurred on the Birmingham and Bristol line, in 
June, 1845. 

The train was go:ng at the maximum speed of sixty 
miles per hour, when an old woman was observed on 
the line, and although the steam was instantly blown off, 
and the engine reversed two hundred yards before coming 
to the place where the woman was, such was the mo- 



ACCIDENTS FROM EXCESSIVE SPEED. 385 

men turn that the train, after passing over and carrying 
the fragments of the body forty yards, absolutely pro- 
ceeded from 400 to 500 yards from the spot where the 
accident happened before it could be stopped. 

Numerous examples might be given, to show 
that however well-managed a railway may be, 
with increase of speed the danger from accidents, 
to a certain extent, must be increased, for no 
precaution seems to be able to guard against 
obstructions occasionally accidentally arising, and 
which may even be mischievously made, and 
these must continue to form a certain amount of 
hazard in locomotive travelling. 

A striking accident lately occurred, showing 
the violent effects of concussion from speed, but 
also combined with imperfection of the rails. 

On June 16th, 1845, the luggage van of an express 
train, with a great number of passengers, on the Great 
Western Railway, which is stated to have been propelled, 
at the moment of the accident, at the rate of nearly seventy 
miles an hour, ran off the rail without any assignable cause, 
although there can be no other probable than a deficiency in 
some part of the rails. It ran for half a mile unperceived on 
the longitudinal timbers without displacing the carriages, till 
it came in contact with a girder at a bridge, when the wheel 
run into the ballast : fortunately the engine and tender sepa- 
rated from the carriages, but so sudden and fearful was the 
catastrophe, that two first class and one second class car- 
riages were thrown with fearful violence off the line and 
down an embankment, about fifteen feet in depth, with an 
C C 
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alarming crash. One of the carriages turned twice over and 
remained with its wheels in the air ; one of the carriages was 
thrown completely across the line of rail ; no lives were lost, 
but forty persons were more or less injured. A repetition 
of a similar accident happened near the same place on the 
Friday afterwards, when the rate of speed was forty-five 
miles an hour. 

On these accidents, the inspector-general of railways, 
Major- General Pasley, reported that they arose from the 
elasticity of the timber and rails originally laid down, 
and the rails being too light ; that the remedy was, first, 
to replace all the light sleepers and hog trough rails with 
the stronger and heavier sleepers and rails of Mr. Bru- 
nei's last approved pattern ; secondly, that experience 
has proved the impropriety of mixing light four-wheeled 
and heavy six-wheeled carriages on the same swift train, 
and that the former should be discontinued ; and thirdly, 
to have a carriage without passengers next the tender, with 
six wheels, the same weight as the passenger carriages, 
which may be used for luggage, in order that a carriage in 
this position may receive the first shock in case of acci- 
dent. A writer in the " Times " paper attributes this 
accident, with much probability, to the old rails being so 
reduced, being only l£ inch high, that the tire of the 
wheels of the carriages did not support the whole weight, 
but the flanches ran over the raised nuts, the tire in some 
places being clear of the rails, as the tops of the nuts 
were bright from the friction of the flanches. The official 
report, however, clearly admits that the defective construc- 
tion of the rails was the cause of the accident; and this fact 
proves, not merely the necessity of precision in the con- 
struction of rails, but also of constant circumspection, as the 
best means of preventing railway companies being con- 
stantly assessed in damages. 

An accident occurred on Wednesday, 24th Dec. 1844, 
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within a mile of Thetford, on the Norwich Railway, by 
which the engine-driver and stoker of an up train were 
killed. It appears that the engine, when going about 50 
miles per hour, down an incline of 1 in 100, ran off the 
line, from the left to the right, upwards of 200 yards 
when it ran down an embankment and became embedded' 
in the earth. In its progress, the chain which connected 
the tender with the carriages snapped, and to this cir- 
cumstance chiefly the passengers were indebted for their 
safety, because the tender, having disconnected itself from 
the engine, fell right across the rails, and thus formed 
a barrier against the further progress of the carriages. If 
this fortunate circumstance had not taken place, the car- 
riages must have been dragged in the wake of the engine, 
and precipitated along with it down the embankment. The 
stoker leaped out of the tender, and was killed by collision 
with the carriages. The driver was killed on the opposite 
side of the rail, close by the place where the engine lies 
embedded, and distant from the stoker about sixty yards. 
Some idea of the violence of the collision may be formed 
from the fact that the solid timber of the carriages was riven 
as if it had been exposed to the fire of a battery. The luggage 
waggons attached to the tender were smashed to atoms. 

The investigation relative to the death of the engine- 
driver and stoker, killed by this accident, was resumed on 
Tuesday, January 13. 1846, and after the examination of 
General Pasley, twelve of the jury returned a verdict of 
" Accidental death, caused by the imprudent conduct of 
the engine-driver, in going at excessive speed." 

This accident arose, evidently, from over- 
driving the engine, the driver trying to make up 
for lost time. General Pasley stated, in giving 
evidence, that he had frequently warned engine- 
c c 2 
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drivers of the danger they were incurring when 
driving at a rate verging on 50 miles an hour. 
It is a rule to shut off the steam on descending 
gradients, but in this instance it appears from the 
evidence that the engineer did not shut off the 
steam till after the engine had jumped off the 
rails. General Pasley also objected to the pecu- 
liar construction of the engine ; but without en- 
tering on this point, it is remarked in the " Civil 
Engineer's Journal," February, 1846, "a much 
more serious source of error on the Norfolk Rail- 
way appears to be the manner in which the 
transverse sleepers are laid, being made of nn- 
squared timber sawn in half lengths. Now these 
half cylinders are not (we understand) laid with 
their flat side downwards, when they are firmly 
supported by the soil, but, on the Norfolk Bail- 
way, the sleepers are laid with the flat ride 
uppermost, and a pressure on one side of the 
sleeper would cause it to slip round." 

A very serious accident occurred on the Great North of 
England line, on the 1st January, 1846. For some days 
engineers have been working experimental trains on the 
Great North of England line, and on that portion between 
Thirsk and Northallerton more particularly, to test the 
actual amount of speed that could be attained. This 
morning a new engine was brought out, drawing carriages 
weighted at 70 tons, and at half-past nine o'clock away 
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went the train like an arrow, reached Thirsk station in 
safety, when the speed was increased to the greatest mo- 
mentum, and when about 400 yards beyond the station, a 
violent oscillating motion was observed, which increased 
every yard, until the engine was thrown upon her broad- 
side against a slight cutting, upon which some of the car- 
riages were thrown, and all more or less damaged. The 
shock had been fearful, and yet the engineers, most pro- 
videntially, escaped injury ; one man only, the poor fireman, 
was thrown on his head upon the opposite rails, and so seri- 
ously injured that he was not expected to survive very long. 
A very serious collision took place at the Chesterfield 
station, on the Midland Railway, on Tuesday, January 13. 
1 846. The down train from Derby to Leeds arrived at 
the station with most terrific speed, and although her 
steam was shut off, in consequence of the rate she was 
going at, was unable to stop, and ran with fearful violence 
into a mineral train which was crossing at the moment. The 
engine of the passenger train was thrown off the line, and it 
was almost a miracle that none of the passengers were 
either killed or wounded. 

Undoubtedly the danger from great increase 
of speed may be rendered less with judicious 
management; but as engines are increased in 
power, and increased momentum is given them, 
they are rendered liable to be easily carried off 
the lines by the wheels meeting the most trifling 
obstruction. It must be obvious the entire com- 
mand over the machine becomes more difficult, 
and it therefore becomes a matter of deep con- 
sideration, what limit should be given to the 
c c 3 
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velocity of locomotive trains, or what should be 
maximum speed, as either prudent or safe ; indeed 
it appears, perhaps, a step required to give 
security to the public, that some legislative regu- 
lation should be made on this subject Few will 
not admit that risk must arise from the foolhardy 
manner those entrusted with locomotive engines 
are so often apt to view danger, arising, probably, 
from the same feeling which makes those who 
reside near to the crater of a volcano callous as 
to danger. Notwithstanding, therefore, every 
precaution, or the best rules for railway manage- 
ment which can be devised, there will still 
remain the liability to accidents from rashness 
and imprudence. As railways become extended 
over the country, and almost the only mode of 
conveyance, we may be prepared, at first, even 
with improvements on the system of locomotive 
travelling, from its extent, for, perhaps, an increase 
of accidents. These will be lessened, however, 
to a great degree on the aggregate amount by 
increased experience and good regulations. As 
the safety of railway travelling is wholly de- 
pendent on the degree of perfection in the manage- 
ment the science of locomotion has attained, it 
should therefore be an object to be guarded 
against, that great increase of speed, while it 
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obviously increases the risk, may not beget a 
system of over-confidence and fearless indif- 
ference which is often the precursor of some 
fatal result. 

How many fearful accidents have we seen 
from causes which no one could anticipate, and 
which generally come when most unsuspected, 
and when least danger is apprehended. 



ACCIDENTS FROM NEGLIGENCE. 

That many of the preceding accidents owe 
their origin in a great measure to negligence, 
cannot be disputed ; but there are, however, some 
accidents so distinctly attributable to carelessness 
that the cause of them cannot be mistaken. 

An accident occurred, June 10. 1845, on the Greenock 
line near Paisley, which originated from negligence or 
want of circumspection. A special train was hired at Green- 
ock, and the passengers came up with the superintendent 
of the Greenock station on the tender without any carriage 
attached ; they came up with great speed, and, when close 
to the Paisley station, came unexpectedly on men who were 
repairing the line, and who had at the time a piece of the 
rail lifted. There was neither time for the workmen to 
give the signal for the engine to stop, nor could the driver 
arrest its progress, but as soon as he saw the danger they 
were in, the steam was turned off and the pace slackened 

c c 4 
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as far as possible, but on coming up the wheels ran into the 
uncovered earth, and were imbedded to the axle. The 
tender and engine were separated and thrown over by the 
collision, but fortunately no person was seriously injured. 
This almost miraculous preservation of life most probably 
arose from the men in the tender keeping their places, and 
taking a firm hold, at the time of the collision, to which 
course they were advised by the superintendent with much 
presence of mind. 

Another accident occurred on Aug. 1. 1845, of a most 
serious and alarming nature, upon the Northern and 
Eastern or Cambridge line, which miraculously was not 
attended with most fatal consequences. It originated 
evidently from mismanagement, or culpable negligence. It 
appears that in the up-train, which started from Cambridge 
about eight o'clock, the passengers were alarmed by a sud- 
den collision of the carriages at the new branch to New- 
port. It was found that the tender had got off the line by 
the neglect of the man to set the points. Fortunately the 
train had just been put in motion, and the impetus was not 
great, and so no casualties occurred. 

A melancholy and fatal accident occurred on the North 
Midland Railway, at Masborough, in Oct. 1845, by which a 
poor man lost his life. One of the goods trains from 
Derby had arrived on a Saturday at the Masborough 
station, at half-past one o'clock p.m., when a portion of the 
carriages — six in number — laden with iron, were detached 
from the train in order that they might be run into one of 
the sidings. A fireman, named John Turner, was about 
to do this, when the deceased unfortunately attempted to 
cross the line, just as the train was shunting or backing. 
He was knocked down, and three carriages passed over 
his legs and thighs, when, strange to say, with his legs 
dissevered, he managed to drag himself off the rail before 
the three remaining carriages, with engine and tender, 



ACCIDENTS FROM NEGLIGENCE. 393 

passed over him. He was promptly conveyed to the 
Sheffield General Infirmary, where every attention was 
speedily paid him ; but so great had been the shock to the 
system, accompanied with loss of blood, that he died at 
five o'clock the same afternoon. An inquest was held, 
when the jury returned a verdict of " Accidental death," 
accompanying the verdict with a request that the coroner 
would write to the secretary of the Midland Company, 
and say that it was the opinion of the jury that a man 
should be always stationed on the first carriage of the 
train when shunting. 

Accidents from mistakes of the night signals 
are attended with very serious consequences : they 
generally arise from mismanagement or negli- 
gence, except perhaps in weather when they can- 
not be seen. 

On Saturday, January 3. 1846, owing to mismanagement 
respecting the night signal, one of the Leeds luggage trains 
ran into a York luggage train ; happily no one sustained 
bodily injury. 

An accident occurred to the mail train proceeding north, 
on Friday evening, January 23. 1846, near the Sessay 
station, on the Great North of England Railway. The 
train was earlier than usual, and was going at the rate of 
10 miles an hour past the station, when another train was 
discovered in advance on the same line, and though the 
steam was put off instantly and the break applied, a violent 
collision took place, which broke the engines, damaged 
several of the carriages, and injured a number of the pas- 
sengers. One lady was much cut about the head and face, 
and one gentleman received a severe blow on the leg. It 
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appears that the train run into was a coal train on the 
wrong line, it being changing from one to the other when 
the mail train was observed coming, and as the coal train 
could not get out of the way in time, the engineman put on 
the steam and pushed it along in advance of the mail train, 
so as to afford the latter an opportunity of stopping as soon 
as the obstruction was discovered. 

The engine-driver who had charge of the coal train was 
brought up a few days after, before the sitting magistrates 
at Darlington, charged with wilfully obstructing the line of 
rails, and not having proper signals placed to prevent acci- 
dent, whereby the collision took place. He was found 
guilty, and adjudged to pay a fine of 57., and in default of 
payment to be imprisoned and kept to hard labour in the 
House of Correction for one month. He paid the fine and 
was discharged, but has been dismissed the company's 
service. 

How very simply a serious accident may arise 
on railways from the least want of strict attention 
and careful survey, I witnessed, not long since, 
when a night train on a railway started. 

The carriage nearest the engine had not been properly 
placed on the turn-table, or the table might not have been 
locked ; and when the engine started, it was drawn off the 
rails, and such was the noise the steam of the engine made, 
that the driver did not hear the repeated shouts to stop. 
In another moment, the whole carriages would have been 
overset and perhaps dashed to pieces in a tunnel which the 
train was entering, when, fortunately, the passengers were 
relieved from their perilous situation by the driver hap- 
pening to look behind. The carriages were half over, and 
so jammed that the train could not proceed ; and other 
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carriages had to be got to forward the passengers upon the 
other rails. 

This occurrence was said to be a mere acci- 
dent, which could not have been foreseen ; but its 
origin is easily traced to want of circumspection, 
and probably to the turn-table not being set to 
the right position. The occurrence, however, 
strongly evinces one of the most prominent de- 
fects attending locomotive travelling^ — namely, 
the insecurity arising from the helplessness of 
the passengers, the total want of the power of 
communication between them and those in charge 
of the train or with the engineer, and likewise, the 
obvious defect arising from the want of a quick 
and easy mode of communication between the 
guard and the engineer, and between the guards, 
when there is one at the head and another in 
the rear of the train, although many of the trains 
have only one guard. In corroboration of this, 
it has been publicly stated, in reference to the 
accident mentioned on the Great Western line, 
that, had there been a proper look-out by a 
guard at the last carriage of the train, and had 
means existed of communicating with the driver 
so as to stop the train, the accident might have 
been prevented, as many of the passengers had 
observed something was wrong. 
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II. ACCIDENTS FROM RAILWAY CONSTRUCTION, 
OR FROM DEFECT OF ANY PART OF THE 
WORKING MACHINERY, AND FROM IMPER- 
FECTION OF THE ENGINE. 

Under this second head — Accidents arising 
from Railway Imperfections — a few examples 
may be given by way of elucidation. 

All railway companies have a person to examine 
the engines when in the stations at both ends of 
the line, before starting, which is essential for the 
full performance of their duty, and to insure the 
safety of the passengers. The driver should be 
at the station some time before the time of start- 
ing, to examine and oil the engine ; but until — 
as has been well remarked and fully shown at the 
coroner's inquest on the Midland Railway's acci- 
dent — an educated class of engineers are pre- 
pared for the duty of driving, and are paid with 
a liberal salary, no proper check can exist against 
foolhardiness and carelessness. Some excellent 
regulations were drawn up for the first appoint- 
ment of engine-men, and adopted by the Directors 
of the London and Croydon Railway in 1840 ; 
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but perhaps the best and safest check which can 
exist is, that, in every large town where one or 
more railway termini exist, an inspector should 
reside, who should be totally unconnected with 
the railway companies, and have full powers at 
all times to examine as to the condition of the 
engines, the mode of working, and state of the 
railway. This will be the more necessary from 
the numerous railways now making, many of 
which are unlikely to yield large return, and so 
will require some inducement for those in the 
management to expend money on them. 

The following fatal accident fully realises the 
truth of the preceding observation ; for, had the 
steam-engine been subjected to a proper scrutiny 
before being despatched, or had sufficient vigi- 
lance and prudence been exercised, the accident 
could not have happened. 

The accident occurred on the evening of the 19th of May, 
1845, on the Edinburgh and Glasgow line. A special train 
from Glasgow, starting an hour and a half before the regular 
one, was run into by the latter within a few miles of the 
Edinburgh terminus, and the unfortunate person, who had 
hired the special train, was crushed to death. 

The cause assigned for the delay of the special train was, 
that the valve of the pump had gone wrong, and, from 
leakage, about an hour and a half was lost on the dis- 
tance of 46 miles. If the inspector sent away the engine in 
a perfect state, how this could have happened requires ex- 



398 ACCIDENTS FROM 

planation. But surely, when the engineer of the special 
train found he was losing ground, he should have run no 
risk when the object for which the train was hired was at 
an end, for what purpose could there possibly be in pro- 
ceeding when the regular train was close behind. He 
was warned of its approach, but in place of withdrawing 
from the line, although he came without lamps and 
left no word at the station to warn the next train that he 
had none, he went on, and at length, becoming conscious 
of danger, he came off the engine himself, unfortunately 
leaving the passenger in the carriage, and sent back the 
fireman along the line with a signal to stop the train, but 
this was unperceived by the engineer or guard of the ap- 
proaching train, and hence the catastrophe. Now all this 
was said to be the result of a mere concatenation of cir- 
cumstances which could not have been averted ; but there is 
no doubt that the real cause of the accident originated in 
sending out an engine in a leaky and imperfect state; and 
could the driver establish this fact, the blame cannot be so 
much attached to him for the consequences which have 
arisen from conflicting circumstances, for the fault lay more 
with those who sent out the engine. 

Since this was written, William Paton, the superintendent 
of the engine department of the company, and Richard 
M'Nab, the engine driver, have been brought to trial, 8th 
November, 1845, at the bar of the Criminal Court of Scot- 
land for culpable homicide ; and the verdict of a jury has 
been to find both parties guilty. The former, Paton, has 
been sentenced to a period of twelve months', and the latter, 
M'Nab, to nine months* imprisonment. Mr. Paton, in his 
defence, endeavoured to prove that the fault of the engine 
bein" in imperfect condition did not lie with him, as he had 
fren ucntly warned the head manager, or board of manage- 
ment, both verbally and by a written report, that he had 
not a sufficiency of perfect engines to work the line, and 
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that the object seemed to be to get as much work as pos- 
sible out of the old engines before laying them aside ; and 
that, therefore, the blame could not be imputed to him, but 
to the system of management. Witnesses spoke in high 
terms of his general character and of his knowledge and 
ability. The judge, in his able address when passing sen- 
tence, drew the distinction between the culpability of the 
different parties ; and showed that by mal-railway adminis- 
tration, directors made themselves personally responsible. 
Had the defence of Paton, therefore, made out that he had 
insisted, and been positively refused, a proper supply of en- 
gines to do the work of the line, the probability is, that other 
parties connected with this railway would have been held 
responsible. 

An accident occurred on the North Midland Railway, at 
Masborough, Oct. 21. 1845. The engine of the passenger 
train having got out of order, a message was sent back at 
2 a.m., for another engine, which, coming up at a rapid 
rate, and not slackening pace in time, ran with immense 
force into the train. The last carriage was forced from off 
the rails, and the buffers were forced through into the next 
compartment of a first class carriage. One gentleman had 
his leg broken above the knee, and another had a compound 
fracture of the left leg, and both died. The real cause of 
this accident distinctly owes its origin to the" imperfect 
state of the engines. 

The coroner s inquest on police-sergeant Stubbs, which 
was adjourned in order to have the evidence of Walker, the 
stoker of the pilot-engine, was resumed on Monday, Dec. 8. 
at three o'clock, in the council chamber of the Court 
House, Leeds. Walker was in attendance at the time re- 
quired, having been brought from Brighton, where he had 
been residing since his discharge from the service of the 
Midland company. His evidence of the progress of the pi- 
lot-engine up to the place where the collision took place cor- 
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responded, in every material particular', with his deposition 
at the inquest on Mr. Boteler. On that occasion he stated, 
that, as they were coming up to the mail train, a white light 
was seen, and continued to be exhibited, up to the time of 
the accident taking place. It was afterwards suggested that 
this might have been a green light, which, at a distance, has 
the appearance of a white one; and Walker had gathered 
his impressions respecting it when at a considerable distance 
from the mail train. Upon the question he was strictly 
examined, at the adjourned inquest, on Monday, the 1st 
December, 1845, by Mr. Blackburn, the coroner, and he 
made a very confused statement as to the use of signals. It 
was evident that he was, in a great measure, ignorant of the 
rules laid down by the Midland company for the use of Big* 
nals ; and he could scarcely be expected to be otherwise, for 
he said he was a very bad reader, and the rules had never 
been read over to him. He was clearly deficient in a very 
important part of his duty, and grossly incompetent to be 
confided with any portion of the management of a railway 
locomotive engine. He asserted that the red lights were 
seen by him and Wheatley half a mile distant from the train 
before them ; and, from that time, they did everything they 
could to stop their engine ; although he afterwards admitted 
that an engine, going at their speed, could be stopped in 
three hundred yards. This statement being in itself a de- 
cided contradiction of his testimony, in other respects so 
very equivocal, the coroner said he thought himself scarcely 
justified in continuing his examination. Eventually the jury 
decided to dismiss from their minds this man's evidence. 
The coroner then made some suitable observations upon the 
evidence, after which the jury consulted together, and re- 
turned a verdict of manslaughter against the driver, Thomas 
Wheatley. 

Equally dreadful results arise from defects of 
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the locomotive boiler, or its mismanagement, some 
examples of which have been previously given. 

On August 21. 1845. — On the Great Western Railway, 
shortly after the arrival of the train, which left Reading 
at half past seven o'clock, at the Maidenhead station, 
one of the tubes of the boiler exploded, rendering it 
impossible for the engine to proceed onwards to Padding- 
ton. An express was immediately sent to Mr. Howell, 
at Slough, who lost no time in hastening to Maidenhead 
with another engine; but, unfortunately, just as this 
engine was starting with the delayed train and passengers 
tc wards town, an accident occurred, rendering the engine 
from Slough useless ; and it was not until the Oxford train 
arrived at Maidenhead, upwards of an hour and a half after- 
wards, that the passengers were enabled to proceed on their 
journey. Just as the day mail train to Exeter, which leaves 
Paddington at a quarter-past ten, was on the eve of start- 
ing the same morning, from the Paddington terminus, a 
similar accident to the foregoing occurred to its engine, one 
of the tubes of the boiler suddenly bursting, and thus com- 
pletely disabling the engine attached to the mail train, and 
delaying its arrival at Slough, the first station she stopped 
at, nearly an hour. This train, and the one which left 
Paddington an hour afterwards, both arrived at Slough at 
the same time. Notwithstanding the bursting of the tubes, 
no injuries, in any one case, were sustained by the engine 
drivers or stokers, nor indeed by any persons connected 
with the company. 

In August, 1845, as the half- past eight parliamentary 
train, or that which carries passengers at a penny per mile, 
was standing at the Walton station on the ^South -Western 
Railway on its down journey, the enginl^eing then taking 
in water, and the engine-man beneathwamining his engine, 
as is customary during a stoppage, a sudden explosion took 
D D 
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place, and the steam rushed out at the fire-door in a direc- 
tion so that the engine-man was severely scalded. The 
fireman escaped unhurt. The only other person who sus- 
tained injury was not a passenger, but a by-stander. He 
was struck on the back of his head by a piece of coke, 
but with no great force. 

A dreadful and fatal accident occurred October 17. 1845, 
on the Great Western line, to the train which left Padding- 
ton at 8 a. m. At West Drayton, about half past eight 
o'clock, an unusual quantity of steam was put on from the 
train having been behind its usual time. The engineer 
was about to decrease the power of the steam when the 
funnel of the boiler exploded, the fragments of which flew 
in all directions, with one amazing and fearful discharge of 
steam. The unfortunate man was thrown from the engine 
and expired before he could be carried to West Drayton. 
The passengers escaped uninjured. 



ACCIDENTS FROM IMPERFECTIONS OF THE 
RAILS AND RAILWAY CURVES. 

Another class of accidents under preceding 
head originates not so much from mismanagement, 
as from imperfections in the construction of the 
rails, accompanied by negligence, and these are 
often productive of the most serious consequences. 

One class of these accidents arises from car- 
riages running off the rails. A few of these may 
be noticed : — 
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An accident occurred on the 2d June, 1845, to the train 
which left Gateshead at five o'clock for Sunderland, when 
four miles from Gateshead, the engine became detached 
from the carriages, and some of the latter were preci- 
pitated over a considerable embankment. 

The recently opened portion of the Northern and Eastern 
Railway, on which an appalling accident took place, on the 
4th August, 1845, was the scene of another frightful occur- 
rence on Tuesday afternoon, August 19th, 1845, of a some- 
what similar character to the one that occurred on the line 
on the 4th instant ; and although it was not attended with 
such a deplorable loss of life as the previous one, yet several 
of the passengers received serious contusions, and the escape 
of human life may be truly considered miraculous. The train 
that left London at half-past eleven, on arriving about two 
miles beyond Waterbeach, seven miles from Cambridge, 
and the same distance this side of Ely, the engine ran off 
the rail on the left side, dragging the tender and the whole 
of the carriages after it. Fortunately this part of the line 
is a perfect level ; and the engine had not travelled more 
than thirty or forty yards over the ballast, before it com- 
pletely turned over with the tender into a drain partly full 
of water. The luggage van, by the sudden jerk, became 
detached, and the wheels were perfectly imbedded, and 
thus brought the remainder of the train to a stand-still. 
The head guard, who was in his usual seat on the top of 
one of the carriages, perceiving that the engine had run off 
the line, jumped from his place on to the road. The 
step of his seat was driven through the plate-glass window 
of a first class carriage, in which were seated three ladies, 
one of whom was much cut by the glass. During the con- 
fusion, a painful alarm was created for the safety of the 
engine-driver and stoker, as they were seen to be on the 
engine when it capsized. To the surprise and gratification 
of all, however, the poor fellows, evidently much terrified, 
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were seen wading through the water in the ditch unhurt. 
It appears, that as the engine turned over, they were 
thrown some distance from it into the pool, and were 
accordingly preserved. On the guard making a strict 
examination as to what was likely to have caused the acci- 
dent, they found about three inches of metal cut off one of 
the outer rails at a joint, and on searching about found the 
piece, which they took charge of, and brought it up to town 
yesterday, and delivered it into the hands of the superin- 
tendant of the line, in order to assist the official inquiry 
which will be instituted relative to the occurrence. 

A succession of accidents occurred on the Eastern Coun- 
ties Railway, on the portion opened between Bishop's Stort- 
ford and Ely, which produced much alarm ; for in addition 
to the frightful accidents at Littlesbury and Waterbeach 
on Tuesday afternoon, August 19, 1845, there have been 
four others within a few days following each other arising 
from the engine running off the rails ; two of them between 
Waltham and Broxbourne, another a short distance from 
Bishop's Stortford, and the fourth, which was somewhat 
alarming, between Cambridge and Ely. In the latter case, 
an engine was sent down to Ely, fortunately without any 
carriages, and, according to the driver's statement, he 
suddenly felt an excessive jerking which convinced him the 
engine had got off the lines, and was running on the sleepers. 
He shut off the steam, and jumped on the side of the rails. 
The engine, which was one of the largest description 
recently introduced on the line, dashed on, and went down 
an embankment of considerable depth, and buried itself in 
a meadow beneath. The funnel was carried away, and the 
engine injured. The cause of the running off was found to 
be that the wheel had gone off at a joint of the rails ; but 
whether that had arisen from any neglect on the part of the 
plate layers, or by one of the wedges of the chairs getting 
loose, whereby the rail got free, could not be traced. The 
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piece of metal that was cut off the rail, at the joint where 
the engine ran off, was picked up by the guard and was 
kept for inquiry. 

Several railway accidents from trains having 
been thrown off the rails can clearly be traced to 
the short radii of curves, the evil effects of which 
have been previously described. On many rail- 
ways double curves of short radii are numerous ; 
and from the elevation which must be given to 
the outer rail at these, the least sinking of th& 
sleepers, which frequently happens in newly 
opened lines, may be attended w T ith disastrous 
consequences. The sleepers retaining their posi- 
tion merely by the weight of the ballast, want 
of consolidation is fatal to their stability. With 
such facts constantly before the public, and with 
accidents of so frequent occurrence, it should be 
incumbent on railway companies to avoid the least 
appearance of a niggardly system of engineering ; 
the more especially as most companies possess a 
monopoly of a road. Besides which cheap schemes 
of railway construction proceed on mistaken 
views ; — such plans must prove generally dearest 
in the end, from the constant repairs and alter- 
ations that are rendered necessary. 

The accident often arises from a combination 
of causes, as a curve at the foot of an incline 
dd 3 
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taken at an improper speed, and not slowing the 
engine in time. The following fatal accident 
arose from this cause : — 

A very serious and alarming accident occurred on the 
Northern and Eastern Railway with the down train, 4th 
August, 1845, which, miraculously, was not attended with 
more fatal consequences. It appears that the train going 
down an incline of 1 in 158, with a curve at the bottom of 
it, was suddenly thrown off the rails in taking the curve. 
* The passengers were alarmed by a shock, accompanied 
by an explosion. The engine, after breaking away from 
the tender, had crossed the rails and was lying bottom up- 
wards on the side of the cutting. The tender was at some 
distance in advance of the train, doubled up, while a van was 
on fire ; two carriages next the tender were much broken. 
When the passengers were extricated it was found, provi- 
dentially, that few were much hurt ; but the guard had one 
of his legs fractured and much crushed, and died at Addis- 
come Hospital, while the unfortunate stoker was found under 
the fire-box of the engine, crushed to death, and almost burnt 
to a cinder. This calamity produced the greatest consterna- 
tion. Several hours elapsed in replacing the rails, both lines 
nearly to the extent of 200 yards being torn up and the 
rails twisted in all forms. The unfortunate guard had his 
leg amputated, and died soon after. At the coroner s in- 
quest, held at Cambridge, the greatest discrepancy of 
opinion arose as to the real cause of the accident : the peo- 
ple belonging to the company stated that the train was not 
going faster than usual, and that the accident originated 
from a flaw in one of the rails. One can scarcely conceive 
how such an idea could be entertained, no flaw in the 
metal such as described could throw the engine and tender 
off the rails with the violence described. One of the wit- 
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nesses, Cox, in his evidence, distinctly deposed to the 
leaping motion of the carriage on the rails before the 
carriage ran off the lines. There is little doubt that the 
accident arose from undue speed in going down the descent, 
having a curve at the foot of the incline. 

The opinion of General Pasley on this accident seemed to 
be, that it was produced from the rapidity of speed down the 
incline and the yielding of the rail at the curve from want of 
sufficient consolidation. He stated that the engine was sent 
many yards from where it first deviated from the line, 
showing the great impetus it was under at the instant it 
occurred, while the flaw found on the rails may easily be 
accounted for from the lurching of the engine in its 
velocity. 

The coroner at this inquest remarked, " that almost every 
accident he had been called on to attend at railways had 
arisen from curves." This is an opinion deserving the 
serious consideration of engineers and railway proprietors. 
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An accident occurred on the Ayr line, on the 21st of 
May, 1845, when the train ran over a bullock in spite of 
every effort to stop the engine. 

Another accident of a similar kind occurred on the 
15th of June, 1845, on the Eastern Counties line. A horse, 
which had strayed on the line, was cut to pieces, and some 
of the carriages were thereby thrown off the rails, but, by 
the skill of the engineer, the train was stopped and the 
passengers escaped. 

Owing to a cow having negligently been allowed to 
stray on to the Sheffield and Manchester line, by a drover 
from Penistone market, after dark on Mondfty night, 
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October 13. 1845, an accident occurred, which had well- 
nigh been the destruction of a whole train of passengers. 
Shortly after the train had left Dunford Bridge, and while 
it was dark, a shock was received which threw both engine 
and train off' the line, seriously injuring several of the car- 
riages, and almost crushing the guard to death. As soon 
as the passengers could be got out of the carriages, it was 
ascertained that a cow had got upon the line, and the engine 
had come in violent contact with it. The poor animal was 
nearly cut in two, and, of course, killed on the spot. In- 
formation was immediately sent to the Sheffield station, 
and a. pilot engine promptly despatched at ten o'clock at 
night. 

A train going west on Saturday evening last, Nov. 29. 
1845, after dark, on the Newcastle and Carlisle railway, 
encountered some thing lying across the rails between 
Haydon Bridge and Ilaltwhistle, which turned out to be 
a cow, which was instantly killed. It seems the animal 
had jumped out of a truck from a train going east, and 
had broken its thigh. The engine, the Rapid, was thrown 
across the rails, and the driver into the hedge, but he 
escaped unhurt, and no damage was done otherwise. 



ACCIDENTS FROM IMPERFECT EARTH WORKS 
AND BRIDGES. 

An accident of a very frightful character occurred on 
Friday evening, December 5. 1845, on the works of the 
Shrewsbury, Oswestry, and Chester Junction Railway, be- 
tween Grcsford and Wrexham. The workmen and stone- 
masons employed on the works at Gresford, it appears, were 
in the practice, on leaving their work in the evening, of 
getting into the earth waggons, and being propelled up the 
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line to Wrexham. On the evening in question about forty 
of them had taken their seats in the trucks, and were pro- 
ceeding at a rapid rate when, on arriving opposite the race- 
course, near Wrexham, the fireman's waggon got off the 
line, and ran down the embankment, dragging with it the 
remainder. One man was found among the lower trucks, 
frightfully mutilated and quite dead. Another labourer 
was discovered with his left leg severed completely. A 
third poor creature had his left leg broken in three places, 
while seven or eight others were more or less injured. 
An inquest was held on the body, which occupied a 
considerable time, in the course of which it was shown 
that the accident arose by the rails sinking into the earth 
below the level of the road, the rails not being properly 
laid on the sleepers. The jury returned a verdict of " acci- 
dental death," with a deodand of 51. on the carriage. 

On Thursday, January 1. 1846, a very serious land slip 
took place near the Stonehouse station of the Birmingham 
and Bristol Railway. The down mail train from Birming- 
ham, which was due at Bristol at five o'clock, January 2. 
had not arrived, and a red light and a bar were placed upon 
the line above the engine to stop the Birmingham down 
mail train until the six o'clock Great Western up train had 
passed. Just at this moment, however, and fortunately 
before the Great Western engine was attached to the train, 
the Birmingham mail train came rushing down the steep 
incline, passed the red light without stopping, and a col- 
lision between the two engines was the consequence. The 
buffers were driven in, the engines dashed off the line, and 
much injured, but fortunately beyond the alarm necessarily 
arising from such an accident, the passengers received no 
injury. 

An accident of a fearful and most appalling character 
happened to a railway train on the South Eastern Railway, 
on Tuesday morning, January 20. 1846, between Tonbridge 
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and Penhurst station between 12 and 1 o'clock. The train 
was passing over a kind of wooden viaduct resting on brick 
abutments, passing over a branch stream of the river Med- 
way, when the bridge gave way, and the engine and a por- 
tion of the train was precipitated into the stream, killing the 
engine driver, and occasioning a considerable loss of pro- 
perty. The accident is supposed to have happened from 
heavy rains, the channel of the stream being greatly swollen, 
and the foundation of the abutments having been injured. 

A fatal accident of another kind occurred at the Almond 
viaduct, on the Edinburgh and Glasgow railway, June, 
1845, which created great alarm. It is believed to have 
arisen from the sleepers of the rails over one of the arches 
having two much elasticity, which is understood to have 
since been rectified. An engine of a fast train was sud- 
denly jerked off the rails when going at considerable velo- 
city ; the consequence of which was, that the engine was 
thrown over, and the unfortunate driver was crushed to 
death. Fortunately, the draw-bar or connecting hooks for 
attaching the engine to the carriages gave way, leaving the 
train upon the rails, otherwise the train might have been 
precipitated over a very high embankment, or over the 
viaduct, the slight parapet of which could not for an instant 
have retained the carriages had they been thrown over the 
rails. 

Few accidents which have occurred have been 
attended with more miraculous preservation than 
this; and it should afford a useful lesson in all 
time coming, of the vast responsibility that lies 
on the planner, constructor, and those in the 
management of railways, to have a careful eye 
to the public safety irrespective of expense. 
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The real cause of this accident has not been 
officially made public, although an examination of 
the spot was subsequently made by a government 
inspector. If the accident arose from too much 
elasticity of the rails at the spot, it surely ad- 
mitted of being rectified. It is to be hoped that 
the chance of recurrence of such an accident is 
now entirely removed. 

Another class of accidents owes their origin 
entirely to the defects in the construction of the 
bridges on the line. The accidents arising from 
these are more fatal to the servants of the rail- 
way company than to the public ; still, as the 
preservation of human life, in every case, must 
be looked to as a part of the executive police of 
all countries, the servants of railways are as 
much entitled to have their safety looked after as 
passengers. I have before shown the want of 
uniformity of plan which exists in railway works ; 
and in none, perhaps, does it more so than in 
bridges over the line. It would be desirable to 
fix, by legal enactment, a standard height. When 
bridges want elevation, they must be liable to 
cause accidents, and when once so erected, they 
remain as a permanent defect on the line. 

The danger from the lowness of bridges is seen 
in the many accidents which have occurred to the 
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guards on several railways; and it is a painful 
supposition to the passengers, that a person in the 
discharge of his duty is liable, in a moment, to be 
killed on the spot or have his skull fractured by 
coming in contact with the arch of a bridge. On 
some lines the guard cannot stand up for a mo- 
ment without running this risk; and, on some 
lines, he requires to keep a constant look out, 
even when sitting on his seat at the top of a 
carriage. Accidents, from these causes, have 
occurred in most parts of the kingdom. Not long 
since, on the Glasgow and Ayr line, one of the 
guards was killed, when sitting, by his head 
coming in contact with a bridge ; and one of the 
guards on the Edinburgh and Glasgow railway, 
when standing at his seat, was nearly killed on 
the spot from the same cause. It must be ap- 
parent that the remedy for such accidents is, 
when the railway is making, to give a sufficient 
elevation to the bridges. No expense ought, 
therefore, to be spared by railway companies to 
effect this object. 

A fatal accident occurred on Friday the 30th January, 
1846, on the South Eastern Railway. As the stoker of the 
engine of the half-past 9 o'clock train from Dover attempted 
to cross over the luggage van, his head came in contact with 
one of the bridges, and killed him on the spot. 
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ACCIDENTS FROM CARRIAGE IMPERFECTIONS. 

Another clar?, of accidents take their rise from 
imperfection in the carriages : — 

In the Autum of 1845 an accident occurred on the Edin- 
burgh and Glasgow railway, near to the Polmont station, 
which might have been productive of serious consequences, 
had the trains been going at full speed. An axle of one 
of the carriages gave way, by which one end of the ma- 
chine was brought to the ground, and smashed in several 
places. There were no passengers in it. The train in con- 
sequence was detained nearly an hour beyond its accus- 
tomed time in arriving in Glasgow. 

On Saturday night, Oct. 4. 1845, an accident of a very 
serious kind took place on the Great North of England 
Railway, about four miles on the York side of Darlington, 
by which one young married lady received a compound 
fracture of one of her legs, the other being also broken, and 
several other passengers were cut and bruised. It appears 
that at the York station considerable surprise was mani- 
fested at the arrival of the engine of the mail train, then 
overdue, bearing the letter-bags, but without the post-office 
travelling and passenger carriages. 

Upon inquiry if was found that the outer tire of the 
wheel of a truck, to which the flanch is attached, broke 
near the nut by which it was fastened to the inner tire. 
After breaking across at that point the ends rose, and the 
tire broke a second time at the next nut, and then a por- 
tion of the tire and flanch came completely off. The wheel 
having thus nothing to keep it on the rail, swerved, carry- 
ing the axle round in a direction contrary to that in which 
the carriage was going, till, coming in contact with the car- 
riage, it threw it off the line, and dragged the rest of the 
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carriages with it. The broken wheel having gone under 
the carriage, carried the other wheels away, and the car- 
riage was left without any wheels at all, in which state it 
was found after the accident. The breaking of the outer 
tire is attributed to its having been put on too hot, and 
there not having been sufficient allowance made for its con- 
tracting properly, so that when it cooled it became too tight. 
The metal was in consequence defective. 



ACCIDENTS FROM FIRE. 

The dreadful accident which occurred a few 
years ago on the railway between Paris and Ver- 
sailles by the carriages taking fire, and the con- 
sequent death of many passengers by burning, could 
have been easily prevented if a proper system of 
communication had existed. But the cries and 
groans of the tortured and the dying were 
drowned in the rattling of wheels and the puffing 
of steam. It was not till the whole train was in 
a blaze that the accident was discovered by those 
in charge, and the train stopped. To complete 
the misery of the unfortunate passengers, they 
were locked up in the carriages. The remedy, 
indeed, proposed to prevent so serious a catas- 
trophe — namely, the not locking the carriage 
doors — seems futile ; for leaping out of a car- 
riage on fire, going at the rate of 30 miles 
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an hour, is just the choice of dying in another 
way. 

In France, as in Belgium and on the continent, 
I can speak from personal knowledge, the rail- 
way carriages are very comfortable. Many of 
them are constructed on the omnibus principle, 
a number of persons seated in one carriage ; but 
no co-operation had the power of averting this 
fatal accident. The sparks from the chimney of 
the locomotive engines are much the same in this 
country as in France : but need we go to the 
Continent to seek for examples of the danger 
from ignition on railways ? 

On the 28th of May last, on the Liverpool line, a carriage 
loaded with pigs took fire, and in a few minutes nearly the 
whole were destroyed. 

Again, on the 28th of June, in the half-past five o'clock 
train, shortly after leaving Greenock for Glasgow, a smell 
of burning was felt in one of the third class carriages, 
immediately thereafter the flames burst out on the dress 
of one of the females, and as the train was at considerable 
speed, and the wind was high, the utmost consternation 
prevailed. By the presence of mind and activity of a 
young seaman, the flames were extinguished, but not before 
the female's gown was consumed, all to the body and 
sleeves. This accident occurred from a red-hot cinder 
ejected from the funnel of the engine. 

I have seen several instances of persons nearly 
in flames from a similar cause in open carriages, 
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when going rapidly through the air; and it is 
apparent, if the flames reached any height, the 
person must be burned, perhaps to death, before 
the train could be stopped. But how could it be 
stopped? A whole carriage of third or fourth 
class passengers might be in flames, and yet un- 
seen either by engineer or guard ; nor would even 
their cries for help be heard. What, then, is to 
prevent a similar catastrophe in this country, 
attending the showering of red-hot cinders upon 
the passengers of the open trains, which occurred 
in France. It is hardly possible to travel in one 
of the open carriages without having holes burnt 
in one's clothes and females' dresses frequently 
become ignited. When complaint is made as to 
these annoyances, not unattended with much 
hazard, the passenger is, perhaps, treated with 
ridicule, or told it is his own fault in not paying 
for a better class of carnage. Such is often the 
spirit of monopoly. In most locomotive engines 
there is, however, provided wire gauze at the top 
of the chimney and other means to prevent the 
escape of the sparks from the furnace ; but from 
being made wide in the meshes when used, to 
avoid injuring the draught, it proves insufficient 
for the purpose intended, and it is therefore ap- 
parent that other means should be resorted to 
to obviate this defect. 
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There can be no doubt that when Government 
had to introduce a bill into Parliament to protect 
the rights of the working classes in railway tran- 
sit, by restricting the rate of charge for third class 
passengers to a penny per mile, and requiring 
railway companies to run at least one train having 
covered third class carriages daily, that much in- 
difference, to say the least of it, must have been 
shown before any interference took place. But 
why restrict the penny a mile trains to once a day? 
why should not carriages of this kind go with 
every train ? Little doubt, however, can be en- 
tertained that the construction of railway carriages 
in this country must be soon entirely remodelled, 
or at least material changes made on those now in 
use, before either much comfort or safety will be 
attained in the cheaper class carriages. It is bad 
enough to be exposed to the annoyance of dust 
and risk of losing ones eyes in open carriages, 
without showers of red-hot cinders, which could be 
greatly mitigated or entirely prevented by proper 
mechanical contrivances. Many persons would 
prefer the open carriages in fin« weather, irrespec- 
tive of the charge, were it not for these annoy- 
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ances ; and in Belgium the waggons or open cars 
are filled with respectable people, who smoke away 
at their ease. 

In this country the government third class car- 
riages are so hideous and dismal, air and light 
being nearly both excluded, that they are more 
adapted for carriage of prisoners than passengers. 
In some of the third class government carriages 
there is a wax cloth curtain to draw over the open- 
ing, in others a small open window, or rather hole, 
is left on both sides of the carriage, excluding all 
view of the country. Till the government regula- 
tion the third class were open stalls* The standing 
carriages are now on some lines called fourth class 
carriages, and open carriages with seats are called 
third class carriages. One cannot wonder a third 
class passenger will rather prefer the external 
atmosphere to the internal of the close penny a 
mile carriages. For example, in the third class 
government carriages on some railways, when all 
the blinds are drawn up, which often happens in 
cold weather, the carriage, in daylight, is involved 
in total darkness. Well may it be asked, is such 
a carriage a proper conveyance for any one, far 
less females. Why should not glazed windows be 
in every carriage? it cannot be the expense of 
glass ; and a penny per mile is surely sufficient to 
cover such expenses and pay the railway company 
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properly, and when night trains are used they 
should be properly lighted. Indeed, it may be 
questioned if the second and third class passengers 
are not the most paying, as they are the most 
numerous class on every railway, and low fares 
tend clearly to increase numbers, and why 
should their comfort not be more attended to? 
In the Belgium railways, which are placed 
under the management of a government director, 
who acts under the control of the minister of 
public works and other functionaries, the rate of 
charge was formerly higher. When lowered an 
increase in the number of passengers took place, 
The charge, I believe, now is : — 

1-14 pence per mile first-class carriage, 
•93 — ditto second-class ditto, 
'56 — ditto third-class ditto, 

or about sixpence for ten miles for the third class ; 
while in this country the lowest rate fixed by act 
of parliament is a penny per mile, being nearly 
one half more. The first class is nearly Is. and 
second class 10c?. for the same distance. This, 
for 46 miles, would respectively be, about 
4s. 8c/., 4s., and 2s. Ad. ; while the prices in this 
country are, 8s., 6s., and 4s. for the same dis- 
tance. 

EE 2 
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The railway companies in this country might 
do well to take a lesson from their Continental 
neighbours. The carriages in Belgium consist of 
three classes, as here ; but they possess more com- 
fort and convenience, besides being cheapen The 
diligences, or first class, have a sort of vestibule, 
from which there is ingress to a separate spacious 
apartment, handsomely fitted up, or the carriage 
is divided by a narrow passage into two compart- 
ments ; they are stuffed throughout, and exceed- 
ingly comfortable conveyances. The second class, 
chars-a-banc a glacis, consist principally of one 
large apartment, entirely closed in at the sides, 
as the name implies, with glazed windows and 
well-arranged cushioned seats. The third class, 
open and covered waggons, do not differ much from 
the second, having covered seats, but the roofs 
arc sometimes supported at the angles of the car- 
riages by iron rods. The carriages are generally 
seated to hold 32 passengers, and the doors are 
usually placed at the ends. Carriages made 
entirely of iron have recently been introduced on 
the Belgian railways. Nor need we look to 
Belgium alone: in France the carriages gene- 
rally approach to the style of the first class in 
this country. The second and third class, or 
wagon, far surpass the corresponding classes on 
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our lines. The second, and commonly the third 
classes in France are perfectly closed carriages, 
stuffed, cushioned, and glazed, each class being 
only a little inferior to the other in decoration. 
The fares, too, are generally low. 

The adoption of such a plan of carriages as 
those on the Belgian railways, would prevent the 
risk from the numerous doors in all classes of 
carriages used in this country. These doors are 
generally fastened by a common spring latch, 
which a sudden jerk may break or derange. Few 
can travel in any of the present carriages without 
the apprehension of serious accidents even from 
the people falling out. We are always hearing of 
hair-breadth escapes ; and in a late newspaper the 
case is mentioned of a child falling out of a car- 
riage unperceived, and how can it be otherwise 
when there is hardly room to move without 
coming in contact with a door ? I have seen 
several instances of persons nearly losing their 
lives from the door on which they leaned suddenly 
bursting open. Very little ingenuity could remedy 
this defect; a simple drop bolt inside the car- 
riage in combination with the latch might suffice. 

Another very dangerous and improper practice 
which exists on several lines, and which creates 
well-grounded alarm to passengers, is, making the 
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guard step from carriage to carriage by the side 
steps, holding on by the door handles, in order to 
collect tickets, and often when the train is going 
at great speed. The least sudden jerk, or his 
slipping his hold, would occasion loss of life. 
Surely such a practice ought to be condemned, 
for it is as repugnant to common sense as to 
humanity. The following accident occurred lately 
from this cause : — 

Mr. Glennan, the station-master of the Hull dep6t of the 
Hull and Selby Railway, was thrown from a carriage in the 
station on Friday morning December 5th, 1845, while, 
the train was in motion, and, narrowly escaping with his 
life, had his left arm broken above the elbow. After seeing 
the 8.55 departure train all right, Mr. G. (as was his cus- 
tom) got upon the step of a second-class carriage, and held 
by the open window of the door, to ride down from the 
platform to the Manor-house-street gate of the station, 
within two or three yards of which gate he was in the act 
of stepping down, when the door came open. The speed 
had at this moment got up to about 10 miles an hour. It is 
believed that had Mr. G. let go the door open, as it was, he 
would have received no injury, but the fear of a fall in- 
ducing him at the moment to grasp the open door, he was 
turned a somerset by the velocity of the train, and fell flat 
on his back, along the outside of the rails, the step of the 
last carriage striking his left arm as he fell, and fracturing 
the bone. He was immediately carried home upon a litter, 
and amputation of the arm was found necessary. 

I might proceed farther, detailing accidents 
arising chiefly from defects which, seemingly, 
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admit of no great difficulty of rectification ; but as 
the task is ungracious, I stall shortly give a few 
simple suggestions which occur to me, and which 
may, perhaps, tend to remedy some of the defects 
to which I have alluded 



PROPOSALS FOR INCREASE OF SAFETY IN 
RAILWAY TRAVELLING. 

1. I would propose that every locomotive 
engine should have, in addition to the engineer or 
driver, and the stoker or fireman, a man or boy to 
be kept as a look-out, whose duty should be to 
keep his eye constantly looking behind to the 
guard, and ready in a moment to communicate to 
the engineer any signal made. The attention of 
the latter will thus remain undisturbed to 
his look-out ahead and to his engine duties; 
and he will be ready in a moment to slow or 
reverse the engine, or blow off the steam as 
necessity may require. This arrangement will, 
of course, refer to railway trains where the guards 
are seated on the outside of the carriage ; but on 
the Great Western line, where the guard sits 
within the carriage, there must obviously be 
greater necessity for a watch close to the driver 
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on the engine constantly on the outlook behind. 
But to insure the safety of a train, the guard 
should be seated in a position where he could 
have a commanding view around. 

2. That no trains with passengers should proceed 
without two guards, one stationed on the front, 
keeping a look out forward, and the other sta- 
tioned on the rear, keeping a look out behind. 
Instead of an arrangement of this kind, trains 
commonly proceed on some lines, sometimes with 
one, sometimes with two, and sometimes without 
a guard at all ; and sometimes he is in a box where 
he can see nothing. No special or goods train 
ought to run on any line without a guard and a 
look-out. 

3. That means should be devised to enable, by 
signal or otherwise, a free and instant com- 
munication to take place between the two guards, 
and between the guard and the driver. Various 
propositions have been made to effect this pur- 
pose ; the idea obviously suggests itself, that a 
check-string or wire, as in a coach, might be used 
attached to the arm of the engineer, by which his 
attention might be instantly arrested, and that a 
similar plan may be adopted between the two 
guards, or a wire may be used to strike a bell at 
the engine. These plans have long since been 
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proposed by different persons, but have never 
been carried into effect, as there are some practical 
inconveniences attending the plan, but which a 
very little ingenuity would soon master. The 
subject has recently, from the numerous collisions 
and carriages running off the rails, received 
more attention. The necessity has been enforced 
of providing against danger in the rear as well as 
in the front, and it has been stated that a guard 
stationed behind the last carriage would suffice, 
and who by means of a wire in communication 
with the engine, might strike a bell in the event of 
observing any indication of disarrangement, when 
the engineer would at once stop the train and avert 
the impending mischief. 

The Times newspaper took up this subject, and 
various communications respecting it appeared 
in its columns. One writer treats the matter 
with indifference and as beneath notice: he speaks 
of the impracticability of working the plan, 
and founds objections to a wire or cord being 
laid along the roofs of carriages from its getting 
entangled, from the variation in the length of 
the trains when ascending or descending an 
incline; that false alarms might occur, creating 
annoyance ; and other objections more plausible 
than real ; but, as the old adage has it, " Where 
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there is a will, there is a way;" experiments 
might easily be tried to ascertain the simplest 
manner of accomplishing the object. There is no 
want of mechanical invention to devise plans; 
there is only wanting opportunity to test them, 
which it is as much the duty as the interest of rail- 
way companies to afford. One plan is a very 
simple one, to have a wire in a tube on each 
carriage, attached by swivels to the wire of 
the next carriage, in a similar manner as car- 
riage is attached to carriage of a train. By this 
means wires could be made to communicate without 
inconvenience, over any length of a train from the 
guard to a signal bell at the engine-driver. In a 
similar manner, a flexible tube or speaking trumpet 
might be attached to each carriage, and quickly 
joined by screws to any number of carriages, and 
conversation could be carried on between the 
guard and the engine-driver ; as it is well known 
the noise of the engine prevents sound from 
being heard, the attention of parties at each end 
of the tube might be previously called, by blow- 
ing through the tube, and so to strike a bell ; a 
verbal communication could not lead to the mis- 
construction which a signal might do. By such an 
arrangement as this, and having the tube made 
with sufficient elasticity to adapt itself to the 
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spring of the buffers — a simple and certainly easy 
mode of communication would at all times exist, 
and it would have the advantage that at night it 
would be as useful as in the day. 

Among other contrivances for the purpose of affording 
instant communications with the engine-driver in case of 
danger is one described as having been not long since ex- 
hibited at the Bristol terminus of the Birmingham line, by 
the superintendent Mr. J. K. Williams. It is a machine 
like a large box, having on its top a large and sonorous bell, 
which is struck like the bell of a clock. Within the box is 
a piece of clock-work precisely similar to that of an alarum, 
and a red lamp for foggy weather or for night. And from 
the box, which is intended to be fixed to the nearest car- 
riage to the engine, ropes proceed upon the roof of the 
various carriages to the guard's box, who, upon perceiving 
any sign of danger or obstruction of the line, has only to 
pull the cord and the large bell is instantly rung and a red 
lamp is shown if at night, or a large board, with the word 
" stop," flies open, so that the engine-driver's attention is 
attracted both by sight and sound to the impending danger. 
The model was highly approved of by several scientific per- 
sons. There is a risk that this invention may be too com- 
plicated to get into general use. 

4. It seems next to certain that the plan of 
cutting off all power of communication between 
people in carriages and those who conduct them, 
cannot be much longer submitted to, as railway 
travelling becomes extended and rendered more 
perfect. I have given several examples of the 
serious and often fatal consequences attendant 
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on this want of means for passengers communi- 
cating with those in charge. The subject is 
deserving of the most serious consideration to 
devise a remedy for it. At the present time, 
should a person be suddenly taken unwell in a 
railway train, he must remain where he is, happen 
what may, until he comes to the regular stopping 
station. As to making himself heard — it is 
madness to attempt it, for it is like speaking to 
the wind. It seems most desirable, therefore, for 
the perfection of railway travelling, that the 
system proposed of communicating between the 
guard and the driver should be extended farther ; 
namely, from the occupants of carriages to the 
guard. Of course, in making this proposition 
one is immediately met with the objections of the 
trouble this would give, the unnecessary annoy- 
ances and alarms created by passengers, and a 
host of others ; but such are always ready to be 
made to meet all innovations that create additional 
trouble or alteration. Still these objections are 
merely frivolous; because a little unnecessary 
trouble is created, or at times conceived grounds 
for alarm foolishly communicated, is the matter 
to be allowed to remain in the imperfect state it 
now is? Every carriage might be easily pro- 
vided with a speaking tube or wire signal to the 
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guard. But what would be the use of the signal, 
if the guard could not get to the carriage ? and 
certainly passengers would rather put up with the 
present system, bad as it may be, than cause the 
guard to run the risk of losing his life, by scram- 
bling from carriage to carriage, holding on by the 
handles of the doors, when the train is proceeding 
with the utmost velocity. 

5. This brings into view the consideration, 
whether railway carriages could not be con- 
structed with all, if not more, of the conveniences 
they now possess, and still afford a free passage 
from end to end of a train for the guard. There 
are several ways this might be done. The car- 
riages might be constructed in the form of a paral- 
lelogram, both longer and wider than at present, 
divided into two compartments, with a free pas- 
sage, as in a canal passage-boat, from end to end 
of them. The carriages of the Great Western 
from their breadth easily admit of the experi- 
mental trial of such a construction of carriages — 
a broad carriage affording more facilities for an 
arrangement of this kind. In carriages con- 
structed with an intermediate centre passage or 
vestibule, the two side compartments might be 
divided as cabins, the passengers in each 
sitting vis-a-vis, or otherwise; the entrance to 
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the vestibule being at each end of the carriages, 
like those carriages on the Belgian railways 
already noticed. 

By means of the arrangement of the centre 
passage I propose, a free communication could 
exist between the passengers and the guard, as, 
on a signal being given, the number of the 
carriage would be intimated and the carriage 
visited : any false signal made should be punish- 
able, which would prevent annoyance being given. 
In having thus the safe means of going from one 
end of a train to the other (for a gang-way could 
be formed between the carriages), the check- 
tickets could be at any time collected, thus 
obviating the general present detention of the 
passengers for this purpose: this would be a 
great benefit to passengers at many stations. 

It appears to me that it would be desirable 
to experimentally try an entire alteration and re- 
modelling of railway carriages, at least those for 
second and third class passengers; and until this 
is done probably neither safety nor comfort will 
be obtained: the foreign construction of carriages 
seems desirable and advantageous to be tried. 
No carriage, in my opinion, can be deemed a safe 
mode of conveyance when so many doors exist as - 
in the present railway carriages ; and where, even 
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at the most rapid speed, as has been shown, acci- 
dents occur from persons leaning on them falling 
out : besides, they create constant apprehensions : 
for, should the convenience of getting quickly out 
be put in comparison with safety ? Most of the 
doors of the railway carriages are, as already men* 
tioned, merely fastened with a spring latch, 
which is liable to derangement. On the Black- 
wall Railway an excellent precaution is adopted, 
of having a drop bolt without the door, which is 
let into a socket. This plan is adopted on the 
Continent. 

There can be little doubt, as the railway 
system becomes almost the only mode of tra- 
velling, and as long journeys must frequently 
be taken by it, more attention will be paid to the 
construction of the carriages, and the comfort of 
all classes of passengers, than at present, If the 
numerous accidents on railways, proving so inju- 
rious to limbs and life, are examined, it will be 
found that the legs of the unfortunate passengers 
most frequently suffer — many cases of fracture 
and compound fracture, near the knee, having 
taken place, from the legs being driven or jammed 
upon the opposite seats. Had the passengers been 
sitting in a reverse position, with seats in the 
direction of the length of the carriage, as in an 
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omnibus, many of these injuries might have been 
averted; and it seems most desirable that this 
plan of carriage should be tested by experience : 
passengers must be fully as comfortable, if not 
more so, than when sitting with their backs or faces 
to the engine. 

The Great Western has been the first railway 
to introduce an improved carriage on the apart- 
ment principle : this kind of carriage has as yet 
been confined to pleasure parties; but were 
carriages used in this form to run regularly on 
the line, at a moderate rate of charge, they 
would be preferred. Not only carriages for 
parties, but invalid carriages, carriages for re- 
freshments, and even smoking carriages, with side 
seats for those who like it, with a box for the 
attendant, should be provided on all direct or 
trunk lines of communication ; and family carriages 
could be made as separate cabins, as in a steam- 
boat, with every convenience, for those who chose 
to pay for or engage them. An attendant should 
accompany the train merely to look after the 
comforts of the passengers, so as the guard should 
on no account be obliged to leave his station on 
the outlook — his duty being strictly confined to 
the charge of the train and communicating with 
and directing the driver. 
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6. On those railways where, from the narrow 
gauge, there cannot exist the same facility of con- 
structing an intermediate passage through the 
carriages without encroaching too much on them, 
and the accommodation of the passengers, some 
other plan may be adopted to attain this object — 
where the width between the lines of way is suffi- 
cient, which it always ought to be, a terrace, or 
platform, from 18 to 20 inches broad, railed on 
the outside, may be constructed outside the 
carriages, where the present step is — made 
in such a manner as not to interfere with the 
access to the carriage doors. On the platform the 
attendant or guard could walk, from end to end 
of a train, without danger to himself : however, 
it must be obvious, that the gauge of the rails, 
and the intermediate space between the lines, 
must regulate many of the particulars, pointing 
out the prudence of a careful revision of all these 
points by rival railway companies ; for it is only 
by competition that perfection is likely to be at- 
tained ; and the reason why more ingenuity has 
not as yet been displayed in railway carriages arises, 
perhaps, from the near-sighted policy of making 
the cheap carriages as uncomfortable as possible 
to drive passengers into the disagreeably close, 
air-tight, and expensive first-class carriages. 
F F 
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7. For the safe transit of locomotive carriages, 
it seems desirable that every railway should 
possess an electric telegraph, by which the start* 
ing of every train may be announced from end to 
end of the line : this telegraph, having the means 
of communicating with intermediate stations, might 
be farther extended, when the distance between 
stations was great, so that in the event of any 
accident happening to the engine, the power of 
communicating notice of it might be made in 
both directions. If such a plan was in existence, 
how many fatal accidents might have been 
averted ! 

8. A uniform code of signals should be used on all 
railways in this country. In cases of fog such sig- 
nals should be provided so as to prevent the possi- 
bility of mistakes. Each station should have properly 
understood self-acting alarums, operated on as the 
engine reaches the stations, and having the means 
of setting them as required. In addition to the 
common steam-whistle, which signal is apt to be 
misunderstood, a gong, or powerful bell, might 
be advantageous for engines in the case of fogs, 
darkness, or extreme danger. The plan has been 
adopted with the engines on the Great Western 
Railway, of having two steam-whistles of different 
sounds : one of these is used as the general alarum, 
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or signal, the other for the guard. This plan might 
be carried much farther, with great advantage, by 
the up-trains having one sound of whistle and the 
down-trains another : it would form an excellent 
fog and night signal. At the present time, on 
most railways the shrill sound of the steam- 
whistle is used chiefly to warn the people working 
on the lines and the station-keepers of the ap- 
proach of the trains ; and as the sound in calm 
weather is heard at several miles distance, the 
alarm is very useful; but as tfie sounds of the 
steam-whistles are so alike, the signal is of little 
use in telling which way the train is going ; this 
is judged of merely from the general effect of the 
noise the engine makes, which must be admitted 
to be very open to misconstruction, and at stations 
where many lines meet the noise creates much 
confusion. A series of signals arranged with steam- 
whistles of different sounds, or by the combining 
of the sounds of two or three, the meaning being 
known at stations, from the distance it would be 
heard at, might form useful alarm-signals by day 
or night. 

9. From the accidents which have been noticed, 

especially the one at the Camden Town station, 

it seems desirable that experiments were tried of 

the best mode of signal-lights for foggy weather, 

rr 2 
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Among many inventions proposed for this 
purpose are 

Giscard's Improved Railway Signal Lamps. Since 
the proprietor made his invention public, he has much im- 
proved the practical details. The following are its peculiar 
advantages : — The same apparatus serves for both night 
nnd day. Up-trains and down-trains are alike informed by 
his system of signals, of all of which they ought to be in- 
formed ; of accidents on either line ; how long since the last 
train passed that signal post ; whether any train is to stop, 
slacken its speed, reverse its direction, or go on to a siding. 
In the case of crossings, a signal can be given that two 
trains are approaching, and signify which must stop, and 
which must go on. In fact, a whole code of instructions 
can be perfectly signalled. No supernumerary signals are 
in any case required. Another great advantage of this lamp 
is, that its colours and arrangement being in perfect con- 
fruity with the signals already in use, the signal-men will 
immediately comprehend the new system. The invention 
will be submitted to the consideration of the proper govern- 
ment officials. By night and in foggy weather, these 
signals are sufficiently brilliant to be seen for a consider- 
able distance, and their cost is very trifling. 

Forsyth's patent railway signals likewise appear 
to be a simple and useful invention He suggests 
that each engine should carry a different dia- 
gram of lights ; and by a signal-post with lamps 
arranged, a corresponding signal could be made to 
that of the engine by closing one or more of the 
lamps. Thus an engine-driver, knowing the dia- 
gram of the light he carries, and seeing a oorre- 
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sponding signal at a station, would know that it 
was intended for his guidance, while the persons 
at the station would be apprised of the train whi6h 
was approaching. 

10. On the Belgian railways each train carries 
with it two guards, who are provided with bugles. 
In starting, when the first bell has rung, the 
passengers take their seats; and, at the second 
bell, the guard at one end sounds his bugle> 
which is answered by the other. This lets the 
passengers know that all is right, and the train 
proceeds. This plan inspires a degree' of con- 
fidence that the silent system cannot, while those 
bugles, in case of emergency, become a useful 
alarm signal. '•'.'• 

11. It has been suggested by some writers that 
were the engine-driver placed in front of the 
engine instead of behind it, it would induce, on 
his part, more circumspection and caution to 
guard against accidents; but this is a mere as* 
sumption ; for surely the engine-driver is already 
too much exposed to attend properly to his duty. 
It would be a simple matter to afford him shelter 
without interfering with his responsibility ; and 
if it is expected that a higher class of engineers 
are to enter upon this service, so important for 
public safety, it can only be by increasing their 
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own safety and comfort, and giving them every en- 
couragement consistent with the proper discharge 
of duty. 

12. As the railway gauge is now under the 
consideration of Government, the result must soon 
be known to the public. The commissioners have 
reported in favour of the advantages to be derived 
from a standard gauge over the kingdom; and 
that that should be the narrow one : although now 
attended with difficulty to carry out a uniform gauge, 
it obviously presents many advantages in railway 
traffic. This plan I have long entertained, but it 
is a question of most serious importance, when 
attempting now to carry out this plan, if, in re- 
stricting railroads to the narrow gauge, it will not 
militate against future railway improvements. 

I would also propose to extend the arrange- 
ment of uniformity still further, and that there 
shall be a fixed standard rule, over the whole 
kingdom, for the weight of rails where locomo- 
tive engines are run; that no engine, tender, 
or luggage van, or passenger carriage, shall 
have fewer than six wheels, if to be run at quick 
speed (on many railways the engine, as well as 
carriages are still used with four wheels) ; that 
defined limits be fixed both as to curves and 
gradients, as also for the height and length of 
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tunnels, elevation, and width of bridges, spaces 
between the lines of rails, and between the rails 
and embankments (the fixing of these points 
would tend to increase public confidence in rail- 
way transit); that it be made a general regu- 
lation that every railway station be provided with 
a bridge or a culvert, that passengers, in passing 
from the station-house to the other side of the line, 
may not require to walk across the line of rails i 
that the maximum speed of trains, on each particular 
line, be fixed by the Railway Board in accordance 
with the gradients, curves, tunnels, and viaducts 
existing on the line. The adoption of fixed rules 
for these points would tend to prevent accidents ; 
it would also be advantageous for the public 
safety were a reasonable time allowed at stations 
when taking up and putting down passengers, in- 
stead of the present prevalent system of hurry and 
confusion. 

1 3, That some simple plan be devised by which 
the guard could instantly disengage the carriages 
or luggage-van from the engine, and the carriages 
from each other : the utility of this in case of 
accidents must be obvious. I would also recom- 
mend that the links of the draw-bars or connect- 
ing hooks between the carriages be made in such 
a manner that they would only bear a certain 
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strain laterally without breaking, or that the car- 
riage, by some contrivance, when canted over, be 
separated from the others, without dragging them 
with it. 

14. That, to guard against accidents from fire, 
experiments be tried, to ascertain if it be not 
possible to keep up sufficient draught in the 
engine chimney, and yet get entirely rid of sparks 
from it. Till this is got the better of, there will 
always exist considerable danger, both to the 
trains and to the ignition of any thing of a com- 
bustible nature on the sides of the railway. One 
plan might be tried to prevent the escape of red- 
hot cinders from the chimney, — namely, the 
whole chimney to be enclosed in a copper wire 
screen, elevated sufficiently above the top to allow 
the free escape of the smoke ; any sparks or cin- 
ders would thus be retained within the screen 
and conducted to the ground. In a similar way, 
dust or ashes from the furnace might be retained 
from being blown about, and conveyed by a spout 
to the ground, 

15. That no railway company be permitted to 
make contracts with the engine-driver to run the 
engine by contract, — the evil effect of which I 
have fully pointed out. (See Boilers.) 

16. That, at every railway station, a book be 



IMPROVEMENT OP RAILWAY SYSTET&. 441 

kept, into which complaints by the passengers 
may be entered. This would be a proper check 
on the servants of the railway company ; and the 
manager could investigate the matter without 
detaining the passengers. It is not probable that 
any complaint would be made unless there was 
sufficient cause. 

17. That railway inspectors be appointed by 
Government, for reasons previously given, for 
every large town in the United Kingdom where 
railway termini are centered; and that, as at 
present, a most careful survey be made of the 
whole line before it is opened for railway traffic. 
That these inspectors should have ample powers 
given them to inquire into the mode of manage- 
ment and keeping in repair of the railroad, the 
engine, and carriages, — to inquire into com- 
plaints as to time, causes of accidents, and every 
point connected with the public safety. Reports 
may be made, from time to time, to the railway 
board. 

18. That on all main trunk lines, and on rail- 
ways between large towns, where the goods traffic 
is of much extent, it would prove most advanta- 
geous for the public safety that a third line of rails 
be laid down, to which the goods traffic might be 
entirely confined, keeping the passenger carriages 

G G. 
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entirely .separated from the goods ones; and that 
no crossing the lines with goods carriages should 
on any account be permitted. The adoption of 
this plan would at once remove one numerous 
class of accidents. This plan might be still farther 
extended and made more perfect as companies in- 
creased in wealth, by obliging them to lay down a 
fourth line of rails. There would then be on all 
main lines of railway double lines of rails for pas- 
senger traffic and goods traffic, having no inter- 
ference with each other. 

VJ. That as railways will ultimately entirely 
monopolise all other modes of conveyance, it seems 
nothing but reasonable that after a fair dividend 
goes to remunerate the shareholders, the surplus 
should be applied to the public benefit in the im- 
provement of the railway and carriages, and the 
reduction of the fares. 

These suggestions might be followed up by 
others; but I have said, perhaps, sufficient to 
show the importance which attaches to the whole 
subject, from the rapid increase of railway com- 
munication in this country. From the review I 
have given of the subject of railways, locomotive 
engines, railway accidents, &c. it is in the power 
of an) one to judge if the views I have taken arc 
not <U._v:i ving of serious consideration. If ad- 
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ditional confidence can be indeed given to railway 
transit, it is not to be attained by concealment of 
the causes of accidents, but by an open avowal of 
the defects, if any, which produced them, and by 
endeavouring in future to remedy them. No 
alarm ought to be taken even from the numerous 
accidents which have occurred from the locomotive 
system, for in general these accidents can be 
traced to clear and definite causes, which admit 
of being rectified ; and this should inspire con- 
fidence that by prudence and a rigid surveillance, 
and improved administration of railway transit, 
accidents will be almost got the better of, and 
on lines where they do often occur the cause 
of them cannot well be mistaken as proceeding 
from want of proper discipline and management, 
or from defects of construction. 

The immense talent which has been brought to 
bear on railway construction by the many en- 
gineers in this country and abroad, who have 
turned their attention to it within the last fifteen 
years, evinces a fertility of invention both in 
science and art, unprecedented in the annals of 
Britain and other nations; and it would be a 
matter of regret that the locomotive system, after 
the progress it has already made, should be marred 
from want of management. Indeed, whether we 
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look to the first public railway where steam 
power was applied, or to the great line from 
London to Exeter, or whether we look to the 
London and Birmingham, or to other lines, we 
observe the same mastery of science over dif- 
ficulties, and every obstacle .yielding to skill and 
perseverance, and we may well be proud of the 
enterprising times in which we live. Gigantic 
undertakings are commenced, each of which seems 
to outrival its predecessor in boldness of design 
and triumph over engineering difficulties, afford- 
ing employment to the people, by the outlay of 
millions of capital spent in carrying out useful 
improvements. May I hope that the suggestions 
I have thrown out and the information here gives 
will tend, however slightly, to extend the know- 
ledge and perfect the system of inland transit? 
For railway extension seems likely only to be 
limited by the approach of the time when a line 
of rails will be laid round the habitabl^ portipn 
of the globe. •=* 

THE END. 
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For the Use of Pupil* in Schools, Junior Students in Universities, and Readers who wish to 
learn the fundamental Principles and leading Facts: with Questions for Examination, 
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the British Museum. Imperial 8vo. 31*. 6<f. half-bound morocco. 

BLOOMFIELD.— THE HISTORY OF THE PELOPONNESIAN WAR. 

By Thucydiries. Newly Translated into English, and accompanied with very copious 
Notes, Philological and Explanatory, Historical and Geographical. By the Rev. S. T. 
Bloomfield, D.D. F.S.A. 3 vols. 8vo. with Maps and Plates, 2/. 5*. boards. 

BLOOMFIELD— THE HISTORY OF THE PELOPONNESIAN WAR. 

By Thucydidcs. A New Recension of the Text, with a carefully amended Punctuation ; and 
copious Notes, Critical, Philological, and Explanatory, almost entirely original, but partly 
selected and arranged from the best Expositors : accompanied with full Indexes, both of 
Greek Words and Phrases explained, and matters discussed in the Notes. Illustrated by 
Maps and Plans, mostly taken from actual Survey. By the Rev. S.T. Bloomfield, D.D.^.S.A. 
2 vols. 8vo. 38*. cloth. 
BLOOMFIELD.-THE CREEK TESTAMENT : 

With copious English Notes, Critical, Philological, and Explanatory. By the Rev. S.T. 
Bloomfield, D.D. F.S.A. 6th Edit, improved. 2 vols. 8vo. with a Map of Palestine, 40*. cloth. 

BLOOMFIELD. —THE GREEK TESTAMENT FOR COLLEGES AND 

SCHOOLS; with English Notes. By the Rev. S.T. Bloomfield, D.D. Fourth Edition, 
enlarged and improved, accompanied with a New Mnp of Syria and Palestine, adapted to 
the New Testament and Joscphus, and an Index of Greek Words and Phrases explained in 
the Notes. 12mo. 10*. 6d. cloth. 

BLOOMFIELD.— GREEK AND ENGLISH LEXICON TO THE NEW 

TESTAMENT: especially adapted to the use of Colleges, and the Higher Classes in Public 
Schools; but also intended as a convenient Manual for Biblical Students in general. By 
Dr. Bloomfield. 2d Edition, enlarged, aud improved. 12mo. on wider paper, 10*. 6d. cloth. 

BOY'S OWN BOOK (THE) : 

A Complete Encyclopaedia of all the Diversions, Athletic, Scientific, and Recreative, of Boy- 
hood and Youth. 20th Edition. Square l2mo., with many Engravings on Wood, 6s. boards. 

BRANDE.— A DICTIONARY OF SCIENCE, LITERATURE, AND ART; 

Comprising the History, Description, and Scientific Principles of every Branch of Human 
Knowledge ; with the Derivation and Definition of all the Terms in general use. Edited by 
W. T. Brandy F.R.S.L. and E.; assisted by J.Caxmn. The various departments by Gentlemen 
of eminence in each. 8vo. with Wood-cn^tavm^a,^!. t\oiu. 



PRINTED FOR MESSRS. LONGMAN, AND CO. 7 

BRAY (MRS.)— MRS. BRAY'S NOVELS AND ROMANCES, 

Revised and corrected by Mrs. Bray. In 10 vols, feap 8vo., uniformly with the *• Standard 
Novels," with Frontispieces and Vignettes from Designs and Sketches by the late Thomai 
Stothard, R.A. ; C. A. Stothard, F.S.A. ; Henry Warren, Esq. ; etc. 3/. cloth ; or the Works 
separately 6*. each, as follows :— 
Vol. I. " The White Hoods" with portrait 

oj the Attthor, a view of her residence^ 

and General Preface to the Series; — 

Vol.11. "De FoU;"— Vol. III. " The 



Protestant;" —Vol. IV. " Fitz of Fitz- 



Fordr— Vol. V. " The Talbai" -Vol. VI. 
" fVarleigh;"— Vol. VII. " Trelawny ;" 
Vol. VIII. « Trials of the Hearth 
Vol. IX. •• Henry de Pomeroy,"— Vol. X. 
" Conrtenay of Walreddun.'" 

BRAY. -THE PHILOSOPHY OF NECESSITY; 

Or, the Law of Consequences as applicable to Mental, Moral, and Social Science . By Charles 
Bray. 2 vols. 8vo. 15*. cloth. 

BREWSTER.— A TREATISE ON OPTICS. 

By Sir David Brewster, LL.D. F.R.S. etc. New Edition. Foolscap 8vo. with vignette title, 
and 176 Woodcuts, Gs. cloth. 

BUDGE (J.)-THE PRACTICAL MINER'S GUIDE: 

Comprising a Set of Trigonometrical Tables adapted to all the purposes of Oblique or 
Diagonal, Vertical, Horizontal, and Traverse Dialling ; with their application to the Dial. 
Exercise of Drifts, Lodes, Slides, Levelling, Inaccessible Distances, Heights, etc. By 
J. Budge. New Edition, considerably enlarged, 8vo. with Portrait of the Author. 12*. cloth. 

BULL. -THE MATERNAL MANAGEMENT OF CHILDREN, 

In HEALTH and DISEASE. By Thomas Bull, M.D. Physician Accoucheur to the Finsbury 
Midwifery Institution, etc. 2d Edition, revised and enlarged. Foolscap 8vo. 7*. cloth. 

BULL-HINTS TO MOTHERS, 

For the Management of Health during the Period of Pregnancy and in the Lying-in Room; 
with an Exposure of Popular Errors in connexion with those subjects. ByThomas Bull, M.D. 
Physician Accoucheur to the Finsbury Midwifery Institution, etc. 4th Edition, revised and 
considerably enlarged. Foolscap 8vo. 7*. cloth. 

BUNSEX (C. C. J.)— THE CHURCH OF THE FUTURE: 

Or, an Inquiry into its Prospects, Constitution, and Import, with especial reference to the 
Church ot Prussia. To which is appended, a Correspondence with the Right Hon. William 
Gladstone. Br the Chevalier C. C. J Bunsen. Translated, under the superintendence of 
the Chevalier Bunsen, by the Rev. Leopold J.Bernays, Fellow of St. John's College, Oxford. 
Post 8vo. [In the press. 

BUNSEN— AN INQUIRY INTO THE HISTORY, ARTS AND SCIENCES, 

LANGUAGE, WRITING, MYTHOLOGY, and CHRONOLOGY of ANCIENT EGYPT: 
with the peculiar Position of that Nation in reference to the Universal History of Mankind. 
Bv the Chevalier C.C.J. Bunsen. Translated from the German, under the Author's super- 
intendence, by C. H. Cottrell,Esq. j with additional matter, furnished by the Author. 2 vols. 
8vo. with numerous Plates. [In the press. 

BURNS— THE PRINCIPLES OF CHRISTIAN PHILOSOPHY: 

Containing the Doctrines, Duties, Admonitions, and Consolations of the Christian Religion. 
By John Burns, M.D. F.R.S. 5th Edition. 12mo. 7*. boards. 

BURNS— CHRISTIAN FRAGMENTS; 

Or, Remarks on the Nature, Precepts, and Comforts of Religion. By John Burns, M.D. 
F.R.S. Professor of Surgery in the University of Glasgow, author of "The Principles of 
Christian Philosophy. " Foolscap 8vo. 5*. cloth. 

BUTLER.-A SKETCH OF MODERN AND ANCIENT GEOGRAPHY. 

Bv Samuel Butler, D.D., late Lord Bishop of Lichfield and Covcutry; and formerly Head 
Master of Shrewsbury School. New Edition, revised by his Sou. 8vo. 9s. boards. 

BUTLER. -AN ATLAS OF MODERN GEOGRAPHY. 

Consisting of Twenty-three coloured Maps, from a New Set of Plates; with an Index of 
all th- Names of Places, referring to the Latitudes and Longitudes. By the late Dr. Butler, 
Bishop of Lichfield. New Edition, corrected. 8vo. 12*. half-bound. 

BUTLER.- AN ATLAS OF ANCIENT GEOGRAPHY. 

Consisting of Twenty-three coloured Maps : with an Index of all the Names of Places, 
referring to the Latitudes and Longitudes. By the late Dr. Butler, Bishop of Lichfield. 
New Edition, corrected. 8vo. 12*. half-bound. 

BUTLKR -A GENERAL ATLAS OF MODERN AND ANCIENT GEOGRAPHY. 

Consisting of Forty five coloured Maps, and copious Indices referring to the Latitudes and 
Longitudes. By the late Dr. Butler, Bishop of Lichfield. New Edition, corrected. 4to. 

2-1*. hall-bound. 

CALLCOTT.-A SCRIPTURE HERBAL: 

Witti upwards of 120 Wood Engravings. By Lady Callcott. Square crown 8vo. If. 5*. cloth. 

CATLOW.-POPULAR CONCHOLOGY; 

Or, the Shell Cabinet Arranged : being an Introduction to the modern System of Conchotomy} 
with a sketch of the Natural History of the Animals, an account of the Formation of tM 
Shells, and a complete Descriptive List of the Families and Genera. By Agnes Catlow. 
FooNcap. 8vo. with 312 Woodcuts, 10s. 6d. cloth. 
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CENTAUR.— THE HORSE: AND HOW TO CHOOSE HIM. 

By Centaur. *cp.8vo. [In the prttt. 

CENTAUR— THE HORSE: AND HOW TO USE HIM. 

By Centaur. Fcp.8vo [In the prw. 

CIIALENOR. -WALTER CRAY, 

A Ballad, and other Poems ; including the Poetical Remains of Mary Chalenor. 2d Edition, 
with Additions. Fcp. 8vo.6« cloth. 

CIIALENOR.-POETICAL REMAINS OF MARY CHALENOR. 

Fcp.Svo. 4s. cloth. 

CLAVERS.— FOREST LIFE. 

By MaryClavcrs, an Actual Settler; author of «'ANcw Home, Who '11 Follow?" 3 vols. 
fcap. 8v'o. 12». cloth. 

COOKS (C.;— BORDEAUX, ITS WINES, AND THE CLARET COUNTRY. 

Br. C. Cocks, IV L., Professor of the Living languages in the Royal Colleges of France t 
Translator of the Works of Michelet, Mignct, and Quinct. [In the press. 

COLLEGIAN'S GUIDE (THE); 

Or, Recollections of College Days; setting forth the Advantages and Temptations of a 
University Education. By**** *•****, M.A., Coll.Oxou. Post Svo. 10#. 6d. cloth. 

COLLIER (J. PAYNE. )-A BOOK OF ROXBURCHE BALLADS- 

Edited by John Payne Collier, Ksq. Post Ito. [In the pre f> 

COLTON — LACON; OR, MANY THINGS IN FEW WORDS. 

By the llev.C.C. Colton. New Edition, 8vo. 12*. cloth. 
C0NSCIKN T CK(I1ENDIUK).-SKETCHES FROM FLEMISH LIFE. 

In Three Tales. Translated from the Flemish of Hrudrik Conscience. Square 8vo. with 
130 Engravings on Wood, from designs by Flemish artists, 6s. cloth. 

CONVERSATIONS ON BOTANY. 

9th Edition, improved. Foolscap 8vo. with 22 Plates, 7*. Gd. cloth ; with coloured Plates, 12f. 

CONVERSATIONS ON MINERALOGY. 

With Plates, engraved by Mr. and Mrs. Lowry, from Original Drawings. 3d Edition, enlarged. 
2 vols. 12mo. 14*. cloth. 

COOLEY.- THE WORLD SURVEYED IN THE NINETEENTH CENTURY; 

Or, Recent Narratives of Scientific and Exploring Expeditions (chiefly undertaken by com- 
mand of Foreign Governments). Collected, translated, and, where necessary, abridged, 
* " Inland DiscoTery* in 



by W. I). CooTev, Esq., author of "The History 
the Cabinet Cyclopaedia, etc. 



it Maritime and inland 1 



Th" First Volume contains "The Ascent of Mount Ararat.'' By Dr. Frlcdrlch Parrot. Pro- 
fessor of Natural Philosophy in the University of Dorpat, Russian Imperial Councillor of 
State, etc. Hvo. with a Map hy Arrowsmith, and Woodcuts, 14s. cloth. 
* K* Each volume trill form, for the most part, a IVork complete in itself, and the wkol* 
Series will present an accurate and luminous picture of all the known portions of the 
earth. The Second Work of the Series, " Krman % s Travels through Siberia, it in the press, 
in 2 vols. Hvo. 

COOLEY.-THE HISTORY OF MARITIME AND INLAND DISCOVERY. 

By W. D. Coolcy, Esq. 3 vols, foolscap 8vo. with Vignette Titles, 18«. cloth. 

COOPER (REV. E.) SERMONS, 

Chiefly designed to elucidate some of the leading Doctrines of the Gospel. To which is added, 
an Appendix, containing Sermons preached on several Public Occasions, and printed bj 
desire, liv the Rev. Edward Cooper, Rector of Hamstall- Rid ware, and of Yoxall. 7« 
Edition. 2 vols. 12mo. 10#. boards. 

COOPER (REV. E.)-PRACTICAL AND FAMILIAR SERMONS, 

Designed for Parochial and Domestic Instruction. By the Rev. Edward Cooper, Rector of 
IJamstall-Ridwarc, and of Yoxall, in the county of Stafford ; and late Fellow of All-Sonls 
College, Oxford. New Editions. ^ vols. 12mo. 1/. 18*. boards. 

*.* Vols. 1 to 4, 5*. each i Vols. 5 to /, 6f. each. 

COPLAND.— A DICTIONARY OF PRACTICAL MEDICINE; 

Comprising General Pathology, the Nature and Treatment of Diseases, Morbid Struct ores. 
and the Disorders especially incidental to Climates, to Sex, ami to the different Mpochs of 
Life, with numerous approved Formulae of the Medicines recommended. By James Copland. 
M.D., etc. etc. in 3 vols. Vols. 1 and 2, Hvo. 3/. cloth ; and Part 10, 4t. Gd. sewed . 

COSTELLO (MISS).— THE ROSE GARDEN OF PERSIA. 

A Series of Translations from the Persian Poets. By I^ouiia Stuart Costello, anthor 
of «' Specimens of the Early Poetry of France," etc. Long 8vo. with 12 II laminated 
Titles, and Borders printed in Gold and Colours, IS*, boards; or 31*. Crf. bound in morocco 
{oriental style) by Hayday. 
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COSTELLO (MISS)-FALLS, LAKE8, AND MOUNTAINS OF NORTH 

WALKS j being a Pictorial Tour through the most Interesting puts of the Coaatry. Br 
Louisa Stuart Costello, author of ♦♦The Rom Garden of Persia,*' « Beam and the Pyrenees,** 
etc.. Profusely illustrated with Views, from Original Sketches by D. B. M'Kewao, engraved 
on wood, and lithographed, by T. and B. Gilha. Square 8vo. with Map, 14s. cloth. 

CRESY (E )-AN ENCYCLOPAEDIA OF CIVIL ENGINEER WO, HISTORICAL, 

THEORETICAL, and PRACTICAL. By Edward Cresy. F.S.A. C JE. Illustrated by away 
hundred Engravings on Wood, explanatory of the Principles, Machinery, and Constntetioaa 
which come under the Direction of the Civil Engineer. In 1 large volume. 8ro. aaifeem 
with Messrs. Longman and Co.'s Series of One- Volume Encyclopssoias aad Dictionaries. 

r/a tho promt* 
CROCKER'S ELEMENTS OF LAND SURVEYING. 

Fifth Edition, corrected throughout, and considerably improved aad moderated, by 
T. 6. Bunt, Land Surveyor, Bristol. To which are added, TABLES OP 8IX*FI00mK 
LOGARITHMS, etc., superintended by Richard Farley, of the Nautical Almanac EstaWtoh. 
ment. Post 8vo. 12*. cloth. 

CROWE.-THE HISTORY OF FRANCE. 

From the Earliest Period to the Abdication of Napoleon. By B. R. Crowe, Eh* tvwla. 

foolscap 8to. with Vignette Titles, 18*. cloth. 

DAHLMANN.-HISTORY OF THE ENGLISH REVOLUTION. 

By F. C. Dahlmann. late Professor of History at the University of GOtttngen. Translated 
from the German, by H. Evans Lloyd, Esq. 8vo. 10s. 6rf. cloth. 
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DALE (THE REV. THOMAS). — THE DOMESTIC LITURGY AND 

FAMILY CHAPLAIN, in Two Parts: the First Part being Church Services adapt** far 
Domestic Use, with Prayersfor every Day of the Week, selected ezctusively^freai the Bank 



._ jtyer. Part II. comprising an appropriate Sermon for 'every 8unday la w 

Year. By the Rev. Thomas Dale, M.A. Canon Residentiary of St. Paul's, aad Viear of St. 
Bride's, London. Post 4to. handsomely printed, 21s . cloth :' or, bound by Heyday, 81*. fd\ 
calf lettered ; 50t. morocco, with goffered edges. 

DANTE, TRANSLATED BY WRIGHT.— DANTE. 

Translated by Ichabod Charles Wright, M.A. late Fellow of Magdalen College, Qxtea. 
A New Edition, revised and corrected. 8 vole, foolscap 8vo. with Portrait, 7«. 6a% sewad. 
%• Vol. 1. contain* the Inferno i Vol. II. the Purgatoriot Vol. III. the ParadUo. 

DAVY (SIR HUMPHRY).-ELEMENTS OF AGRICULTURAL CHEMISTRY 
in a Course of Lectures. By Sir Humphry Davy. With Note* by Dr. John Dewy. 

6th Edition. 8vo. with 10 Plates, 16s. cloth. 

DE BURTIN.— A TREATISE ON THE KNOWLEDGE NECESSARY TO 

AMATEURS OF PICTURES. Translated and abridged from the French of M. FraaeJo 
Xavier De Burtin, First Stipendiary Member of the Royal Academy of Brussels la the Clans 
of Sciences, etc. By Robert White, Esq. 8vo. with Illustrations, IS*, doth. 

DE CUSTINE.— RUSSIA. 

By the Marquis De C us tine. Translated from the French. 3d Edition. 8 vols, poet ft*. 

Slf . 6rf. cloth. 

DE LA BECHE.-REPORT ON THE GEOLOGY OF CORNWALL. DEVON. 

AND WEST SOMERSET. By Henry T. De la Beche, F.R.8. etc.. Director of the Ordaaaee 
Geological Survey. Published by Order of the Lords Coaunissionere of H.M. Treaanty. 
8vo. with Maps, Woodcuts, and 12 large Plates, 14s. cloth. 

DE MORGAN.— AN ESSAY ON PROBABILITIES, 

And on their Application to Life Contingencies and Insurance Offices. By Aug. De Marfan* 
Esq., of Trinity College, Cambridge. Foolscap 8vo. with Vignette Title, 6s. cloth. 

DE SISMONDI— THE HISTORY OF THE ITALIAN REPUBUCSl 

Or, of the Origin, Progress, and Fall of Freedom In Italy, from^LD. 470 to U08. By J. O.L. 
Sismondi. Fcp. 8vo. with Vignette Title, or. cloth. 

DE SISMONDI^-THE HISTORY OF THE FALL OF THE ROMAN IM- 

PI n E. Comprising a View of the Invasion aad Settlement of the Barbarians. By'* C. L. 
De Sumoudi. 2 vols. Fcp. 8vo. with Vignette Titles, 12s. cloth. 

DE STKZELECKI (P. E.)-PH YSICAL DESCRIPTION OF NEW SOUTH 

WALKS AND VAN DIEMAN'S LAND. Accompanied by a Geological Map, Section*, 
and Diagrams, and Figures of the Organic Remains. By P. E. De StneleccL 8*0. watt 
coloured Map and numerous Plates, Sis. cloth. 

DOCTOR (THE), ETC. 

6 vols, post 8ro. '21. 12». 6rf. cloth. 
"Southey acknowledged the authorship of « The Doctor' $hortlg before hit left* iffsMM ta 
hU M'/sf confidential jriend, an U.P. of high chmrmeter. And fa m private iHtrr from !"- 
Southey. dated February 27, 1848, $he not onln ttatet the foot, bnt add* that the greater, 
of a tifth volume had gone through the preot, mmd thai f e alhey loomed f o r mm rd to 
pleasure of drawing her into it ma a eontribmJortgiwiMg her full mmimmtUg to ajhwi MeW 
husband it the author. *'-Robort Bell, Esq, «« The fetaty Teller. 



DODDRIDGE.— THE FAMILY EXPOSITOR; 

Or, a Paraphrase and Version of the New Testament : with Critical Notes, and a Practical 
Improvement of each Section. Bv P. Doddridge, D.I). To which ii pre6xed, a Life of the 
Author, by A. Kippis, 1>.D. K.R.S. and S.A. New Edition. 4 vols. 8vo. If. 16*. cloth. 

DONOVAN.-TREATISE ON CHEMISTRY. 

By Michael Donovan, Esq. M.R.I. A. 4th Edition. Fcap. 8vo. with Vignette Title, 6*. clotb. 

DONOVAN— A TREATISE ON DOMESTIC ECONOMY. 

By M. Donovan, Esq. M.R . I.A., Professor of Chemistry to the Company of Apothecaries in 
Ireland. 2 vols, foolscap 8vo. with Vignette Titles, 12*. cloth. 

DOUBLEDAY'S BUTTERFLIES.-THE GENERA OF DIURNAL LEPI- 

DOPTERA; comprising their Generic Characters— a Notice of the Habits and Transform- 
ations—and a Catalogue of the Species of each Genus. By Edward Donbleday, Esq. F.L.S. 
etc., Assistant in the Zoological Department of the British Museum. Imperial 4to. uniform 
with Gray and Mitchell's Ornithology ; illustrated with 75 Coloured Plates. 
•» • To be published in Monthly Parts, 5*. each; each Part to con tit t of two coloured Platen, 

with accompanying Letter-press. Publication will commence warn 150 Subscribers' Names 

have been received. 

DOVER.- LIFE OF FREDERICK II. KING OF PRUSSIA. 

By Lord Dover. 2d Edition. 2 vols. 8vo. with Portrait, 28*. boards. 

DRUMMOND fDR. J. L.)-LETTERS TO A YOUNG NATURALIST, ON 

THE STUDY OF NATURE AND NATURAL THEOLOGY. By James L. Drummond, 
M.D. Author of ••First Steps to Botany," etc. Second Edition. Post 8ro. with Wood 
Engravings, 7s. 6d. boards. 

DRUMMOND.- FIRST STEPS TO BOTANY, 

Intended as popular Illustrations of the Science, lcadingtn its study bb a branch of general 
education. By J. L. Drummond, M.D. 4th Edit. 12mo. with numerous Woodcuts, Sf.Doards. 

DUNIIAM.-THE HISTORY OF THE GERMANIC EMPIRE. 

By Dr. Dunham. 3 vols, foolscap 8vo. with Vignette Titles, 18*. cloth. 
By the same Author. 



THE HISTORY OF EUROPE DURING 
THE MIDDLE AGES. 4 vols. 1/. 4s. 

THE HISTORY OF SPAIN AND PORTU- 



THE HISTORY OF POLAND. 6s. 

THE LIVES OF THE EARLY WRITERS 

OF GREAT BRITAIN. Foolscap 8vo. 6*. 

GAL. 5 vols, foolscap 8vo. 1/". !<)». THK LIVES op BR i T i SH DRAMATISTS. 

THE HISTORY OF SWEDEN, DENMARK, I 2 vols, foolscap 8vo. 12*. 
AND NORWAY. 3 vols, foolscap 8vo. 18*. | 

DUNLOP (JOHN).-THE HISTORY OF FICTION: 

Being a Critical Account of the most celebrated Prose Works of Fiction, from the earliest 
Greek Romances to the Novels of the Present Age. By John Dunlop. 3d Edition, com- 
plete in One Volume. Medium 8vo. 15*. cloth. 

EASTLAKE (C. IO-MATERIALS FOR A HISTORY OF OIL PAINTING. 

By Charles Lock Eastlake, R.A. 8vo. [In the press. 

ECCLESTON (JAMES) —A MANUAL OF ENCLISH ANTIQUITIES. 

By James Ecclcston, B.A. Head Master of Sutton Coldfield Grammar School. 8vo. with 
numerous Illustrations on Wood. [In the press. 

ELLIOT (J.)— A COMPLETE TREATISE ON PRACTICAL GEOMETRY AND 

MENSURATION. With numerous Exercises. By James Elliot, formerly Teacher of 
Mathematics in the Mechanics' Institution of Liverpool. 8vo 5*. cloth. 

* m * Key, containing full Demonstrations and Solutions. 8vo. 6*. cloth. 

ELLIOTSON .—HUMAN PHYSIOLOGY: 

With which is incorporated much of the Elementary Part of the "Institutiones Physiolojrfcas" 
of J. F. Blumenbach, Professor in the University of Gottingcn. By John Elliotson, M.D. 
Cantab. F.R.S. Fifth Edition, 8vo. with numerous Woodcuts, 2/. 2*. cloth. 

THE ENGLISHMAN'S GREEK CONCORDANCE OF THE NEW TESTA- 
MENT ; being an attempt at a Verbal Connexion between the Greek and the English Texts ; 
including a Concordance to the Proper Names, with Indexes, Greek-English and English* 
Greek. 2d Edition, carefully revised, with a new Index, Greek and English. Royal 8to. 42s. 

THE ENGLISHMAN'S HEBREW AND CHALDEE CONCORDANCE OF 

THE OLD TESTAMENT; being an attempt at a Verbal Connexion between the Original 
and the English Translations: with Indexes, a List of the Proper Names and their occur- 
rences, etc. etc. 2 vols, royal 8vo., 3/. 13*. 6rf. cloth ; large paper, 4/. 14*. 6d. 

FAREY.-A TREATISE ON THE STEAM-ENGINE, 

Historical, Practical, and Descriptive. By John Farey, Engineer. 4to. illustrated by 
numerous Woodcuts, and 25 Copper-plates, 51. 5*. in boards. 

FERGUS.-THE HISTORY OF THE UNITED STATES OF AMERICA, 

From the Discovery of America to the Election of General Jackson to the Presidency. By the 
Rev. H. Fergus. 2 vols, foolscap 8vo. with Vignette Titles, 12*. cloth. 
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FIELD. -POSTHUMOUS EXTRACTS FROM THE VETERINARY 

RECORDS OF THE LATE JOHN FIELD. Edited by his Brother, William Field, Veto- 
rinary Surgeon, London. 8vo. 8*. boards. 

FITZROY (LADY). —SCRIPTURAL CONVERSATIONS BETWEEN 

CHARLES AND HIS MOTHER. By Lady Charles Fitzroy. Foolscap 8ro. 4*. M. doth. 

FORSTER.-STATESMEN OF THE COMMONWEALTH OF ENGLAND. 

With an Introductory Treatise on the Popular Progress in English History. By John Forster, 

Esq. 6 vols, foolscap 8ve. with Original Portraits of Pym, Eliot, Hampden, Cromwell, and an 

Historical Scene after a Picture by Cattermole, 1/. 10*. cloth. 
The Introductory Treatise, intended -as an Introduction to the Study of the Great Civil War in 

the Seventeenth Century, separately, price 2s. 6<f. sewed. 
The above 5 vols, form Mr. Forster's Portion of the Lives of Eminent British Statesmen, by Sir 

James Mackintosh, the Right Hon. T. P. Courtenay, and John Forster, Esq. 7 vols, foolscap 

8vo. with Vignette Titles, 24. 2*. cloth. 

FORSTER (REV. C.)-THE HISTORICAL GEOGRAPHY OF ARABIA: 

Or, the Patriarchal Evidences of Revealed Religion. A Memoir, with illustrative Maps and 
an Appendix, containing Translations, with an Alphabet and Glossary of the Hamyaritic 
Inscriptions recently discovered in Hadranmut. By the Rev. Charles Forster. B.D., Rector of 
Stisted, Essex , author of " Mahometanism Unveiled." 2 vols. 8vo. 30s. cloth. 

FORSTER (REV. C.)-THE LIFE OF JOHN JEBB. D.D. F.R.S. 

Late Bishop of Limerick. With a Selection from his Letters. By the Rev. Charles Forster, B.D., 
Rector of Stisted, Essex, and one of the Six Preacher* in the Cathedral of Christ, Canterbury, 
formerly Domestic Chaplain to the Bishop. 2d Edition. 8ro. with Portrait, etc. 16#. cloth. 

FOSBROKE.-A TREATISE ON THE ARTS, MANNERS, MANUFAC- 
TURES, and INSTITUTIONS of the GREEKS and ROMANS. By the Rev. T. D. Fosbroke, 
etc. 2 vols, foolscap 8vo. with Vignette Titles, 12#. cloth. 

GERTRUDE. 

A Tale. By the author of *' Amy Herbert." Edited by the Rev. William Sewell, B.D., of 
Exeter College, Oxford. Second Edition. 2 vols, foolscap 8vo. 9s. cloth. 

G1LBART (J. W.)-THE HISTORY'AND PRINCIPLES OF BANKING. 

By James William Gilbart, General Manager of the London and Westminster Bank. 
Third Edition. 8vo. St. boards. 

GLEIG.— LIVES OF THE MOST EMINENT BRITISH MILITARY COM- 
MANDERS. By the Rev. G. R. Gleig. 3 vols, foolscap 8vo. with Vignette Titles, 18s. cloth. 

GLENDINNING — PRACTICAL HINTS ON THE CULTURE OF THE 

PINEAPPLE. By R. Glendinning, Gardener to the Right Hon. LordRolle, Btcton. I2mo. 
with Plan of Pinery, 5s. cloth. 

GOLDSMITH-THE POETICAL WORKS OF OLIVER GOLDSMITH. 

Illustrated by Wood Engravings, from the Designs of G. W. Cope. A.R.A., Thomas 
Crcswk-k, A.R.A., J. C. Horsley, R. Mcdgrave, A.R.A.. and Frederick Taykrr, Members of 
the Etching Club. With a Biographical Memoir, and Notes on the Poems. Edited by 
Bolton Corney, Esq. Square crown Svo., uniform with " Thomson's Seasons," 2U. doth ; 
or '36s. bouud in morocco, by Hay day. 

*,* One Hundred Copies, 21. 2s. each, printed on prepared paper of great beamtp* 
GOOD.— THE BOOK OF NATURE, 



A Popular Illustration of the General Laws and Phenomena of Creation. By John 
Good, M.D. F.R.S. etc. 3d Edition, corrected. 3 vols, foolscap 8vo. 24*. cloth. 

GRAHAM.-ENCLISH; OR, THE ART OF COMPOSITION 

explained in a Series of Instructions and Examples. By G. F. Graham. 2d Edition, revised 
and improved. Foolscap 8vo. 7s. cloth. 

GRANT (MRS.)— LETTERS FROM THE MOUNTAINS. 

Being the Correspondence with her Friends, between the years 1773 and 1803. By Mrs. 
Grant, of Laggan. 6th Edition. Edited, with Notes and Additions, by her Son, J. P. Grant, 
Esq. 2 vols, post 8vo. 21s. cloth. 

GRANT (MRS., OF LAGGAN).- MEMOIR AND CORRESPONDENCE 

of the late Mrs. Grant, -of Laggan, author of *• Letters from the Mountains," etc. Edited 
by her Son, J. P. Grant, Esq. 2d Edition. 3 vols, post Svo. Portrait, If. lis. M. doth. 

GRATTAN.— THE HISTORY OF THE NETHERLANDS, 

From the Invasion by the Romans to the Belgian Revolution in 1830. By T. C. Grattaa, Esq. 
Foolscap 8vo. with Vignette Titles, 6s. cloth. 

GRAY (JOHN).-CRAY'S ELEGY. 

Written in a Country Churchyard. Illuminated in the Missal stv^e. By Owen Jose*, 
Architect. Imp. 8vo. 31s. 6s?. elegantly bound in patent relievo leather. 

GRAY.— FIGURES OF MOLLUSCOUS ANIMALS, 

Selected from various Authors. Etched for the Use of Students. By Maria Esasss Gray. 
Vol. I. 8vo. with 78 plates of Figures, 12s. cloth. 
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GRAY AND MITCHELL'S ORNITHOLOGY.-THE GENERA OF BIRDS; 

Comprising their Generic Characters, a Notice of the Habits of each Genoa, and an exten- 
sive List of Species, referred to their kevcrml Genera. By George Robert Gray, Acad. Imp. 
Georg. Florent. Soc. Corresp. Senior Assistant of the Zoological Department, British 
Museum ; and author of the '* List of the Genera of Birds," etc. etc. Imperial 4to. illus- 
trated with 330 Plates, by David William Mitchell, B.A. 
•»• In course of publication in Monthly Parts, 10*. 6d. each; each Part consisting of Fomr 
coloured Plates and Three plain, with Letter press, giving; the Generic Characters, short 
Remarks on the Habits, and a List of Species of each Genus as complete ae possible. The 
unc-loured Plates contain the Characters of all the Genera of the various Sub-families* con- 
sisting of numerous details of Heads, Wings, and Feet* as the case maw require, for pointing 
out their distinguishing (haracters. The Worh will not exceed 60 Monthly Part: No. SS 
was published on 1st of May. 

GRAY (J E)-THE GENERA OF MAMMALIA; 

Comprising their Generic Characters— a Notice of the Habits of each Genus— and a short 
Character of each of the well-established Species, referred to the several Genera. Br John 
Kdward Grar, F-nq. , Keeper of the Zoological Collection of the British Museum. Imperial 4to. 
uniform with Gray and Mitchell's Ornithology ; illustrated with 175 Plates. 
*,* To be published in Monthly Parts, 12*. each; each Part to consist of Four coloured and 

Three plain Plates, with accompanying Letter-press. The Worh will not exceed 25 Part*. 

Publication will commence when 150 Subscribers' Karnes have been received. 

GREENER.— THE GUN; 

Or, a Treatise on the various Descriptions of Small Fire Arms. By W. Greener, Inventor of 
an Improved Method of Firing Cannon by Percussion, etc. 8vo. with Illustrations, 15«. boards. 

GREENWOOD (COL.)— THE TREE-LIFTER; 

Or a New Method of Transplanting Trees. By Col. Geo. Greenwood. 8vo.withan Illus- 
trative Plate, Is. cloth. 

GRIMBLOT (P.)— LETTERS OF WILLIAM III. AND LOUIS XIV. AND OF 
THEIR MINISTERS. Illustrating the Domestic and Foreign Policy of England during 
the period which followed the Revolution of 1683. Extracted from the Archives of France 
and England, and from Foreign papers. Edited by P. Grimblot. 8vo. [In the press. 

GRUNER (L.)-THE DECORATIONS OF THE GARDEN PAVILION IN THE 

GROUNDS OF BUCKINGHAM PALACE. Fifteen Plates, by L. Gruner. With Descrip- 
tions by Mrs. Jameson. Published by Coinmaud of Her Majesty. Small folio, 31*. 6d. plain ; 
coloured, •>/. 6*. cloth. 

GUEST.— THE MABINOGION, 

From the Liyfr Coch o Hergest, or Red Book of Hergest, and other ancient Welsh MSS. 
with an English Translation and Notes. By Lady Charlotte Guest. Parts 1 to 6. Royal 8vo. 
8#. each sewed. 

GUICCIARDINI (F.)-THE MAXIMS OF FRANCIS CUICCIARDINI, THE 

HISTORIAN. Translated by Emma Martin. With Notes, and Parallel Passages from 
the Works of Machiavelli. Lord Bacon, Pascal, Rochefoucault. Montesquieu. Burke, Prince 
Talleyrand, Guizot, and others ; and a Sketch of the Life of Guicciardini. Square foolscap 
8vo. with Portrait, Js. ornamental boards ; or 14*. bound in morocco {old style) by Hayday. 

GWILT.^AN ENCYCLOP/EDIA OF ARCHITECTURE; 

Historical, Theoretical, and Practical. By Joseph Gwilt, Esq., F.S.A. Illustrated with 
upwards of 1000 Engravings on Wood, from Designs by J. S. Gwilt. 8vo. 21. 12*. 64. cloth. 

HALL— NEW GENERAL LARGE LIBRARY ATLAS OF FIFTY-THREE 

MAPS, on Colorabier Paper ; with the Divisions and Boundaries carefully coloured. Con- 
structed entirely from New Drawings, and engraved by Sidney Hall. New Kdition, thoroughly 
revised and corrected ; including all the Alterations rendered necessary by the recent Official 
Surveys, the New Roads on the Continent, and a careful Comparison with the authenticated 
Discoveries published in the latest Voyages and Travels. Folded in half, Nine Guineas, half- 
bound in russia ; full size of the Maps, Ten Pounds, half-bound in russia. 

HALSTED— LIFE AND TIMES OF RICHARD THE THIRD, 

as Duke of Gloucester and King of England » in which all the Charges against him are care- 
fully investigated and compared with the Statements of the Cotemporary Authorities. By 
Caroline A. Halsted, author of '•The Life of Margaret Beaufort." 2 vols. 8vo. with Portrait 
from an Original Picture in the possession of the Right Honorable Lord Stafford, never 
before engraved, and other Illustrations. 1/. 10*. cloth. 

HAND-BOOK OF TASTE (THE); 

Or, How to Observe Works of Art, especially Cartoons, Pictures, and Statues. By Fabiut 
Pictor. 3d Edition. Foolscap 8vo. 3*. boards. 

HANSARD— TROUT AND SALMON FISHING IN WALES. 

By G. A.Hansard, 12mo. 6f.6<f. cloth. 

HARRIS— THE HIGHLANDS OF /ETHIOPIA; 

Being the Account of Eighteen Months 1 Residence of a British Embassy to the Christian 
Court of Shoa. By Major Sir W. C. Harris, author of * * Wild Sports in Southern Africa," 
etc. 2d Edition. 3 vols. 8vo. with Map and Illustrations, 21. 2s. cloth. 



HAWES (BARBARA).-TALES OF THE NORTH AMERICAN INDIANS, 

and Adventures of the Early Settlers in America; from the Landing of the Pilgrim Fathers 
in 1620, to the Time of the Declaration of Independence. By Barbara Hawes. Fcp. 8vo. St. 

HAWKER.— INSTRUCTIONS TO YOUNG SPORTSMEN 

In all that relates to Guns and Shooting. By Lieut. Col. P. Hawker. 9th edition, corrected, 
enlarged, and improved, with Eighty-five Plates and Woodcuts^ by Adlard and Branston, 
from Drawings by C. Varley, Dicks, etc. 8vo. 21«. cloth. 

HAYDON (B. R.)— LECTURES ON PAINTING AND DESIGN, 

Delivered at the London Institution, the Royal Institution, Albermarle Street, to the 
University of Oxford, etc. By B. R. Hay don, Historical Painter. With Designs drawn on 
Wood by the author, and Engraved by Edward Evans. 8vo. 12a. cloth. 
%• The Second Volume is preparing- for publication. 

IIENSLOW. — THE PRINCIPLES OF DESCRIPTIVE AND PHYSIOLO- 
GICAL BOTANY. By J. S. Henslow, M.A. F.L.S. etc. Foolscap 8vo. with Vignette Title, 
and nearly 70 Woodcuts, 6«. cloth. 

HERON (R. M.)-PALESTRINA : 

A Metrical Romance. By Robert M. Heron, Esq. 8vo. 8*. 6rf. 

HERSOHEL.— A TREATISE ON ASTRONOMY. 

BySirJohnHerschel. New Edition. Fcap.8vo. with Vignette Title, 6*. cloth. 

HERSCHEL.— A PRELIMINARY DISCOURSE ON THE STUDY OF 

NATURAL PHILOSOPHY. By Sir John Herschel. New Edition. Foolscap 8vo. 6*. 

HINTS ON ETIQUETTE AND THE USAGES OF SOCIETY: 

With a Glance at Bad Habits. By Ayooy6g. "Manners make the Man." 24th Edition, 
revised (with additions) by a Lady of Rank. Foolscap 8vo. Is. 64. cloth, gilt edges. 

HISTORICAL PICTURES OF THE MIDDLE ACES, 

In Black and White. Made on the spot, from Records in the Archives of Switzerland. By a 
Wandering Artist. 2 vols post 8vo. 18s. cloth. 
Contents.— The Nun8* War; the War of Two Abbots (Reichenan and St. Gall) ; the Passage 
of the Great St. Bernard; and Bertha, Queen of Transjurane Burgundy. 

HOARE— A DESCRIPTIVE ACCOUNT OF A NEW METHOD OF 

PLANTING AND MANAGING THE ROOTS OF GRAPE VINES. By Clement Hoars, 
author of " A Treatise on the Cultivation of the Grape Vine on Open Walls." 12mo. 6*. ei. 

HOARE— A PRACTICAL TREATISE ON THE CULTIVATION OF THE 

GRAPE VINE ON OPEN WALLS. By Clement Hoare. 3d Edition, 8vo. 7». M. cloth. 

HOBBES— THE COMPLETE WORKS OF THOMAS HOBBES, 

Of Malmesbury; now first collected and edited by Sir William Molesworth, Bart. 16 vols. 

8vo.8'.clotb. 

*•• Separately, the English IVorhs, in 11 vols. 51. 10s.; the Latin Works, in 5 vols. 21. 10». 

HOLLAND— A TREATISE ON THE MANUFACTURES IN METAL. 

By John Holland, Esq. 3 vols, foolscap 8vo. with about 300 Woodcuts, 18*. cloth. 

HOLLAND.— MEDICAL NOTES AND REFLECTIONS. 

By Henry Holland, M.D.F.R.S. etc. Fellow of the Royal College of Physicians, Physician 
Extraordinary to the Queen, and Physician in Ordinary to His RoyalHighnessPrinceAlbert. 
2d Edition. 8vo. 18s. cloth. 

HOOK (DR. W. F.)-THE LAST DAYS OF OUR LORD'S MINISTRY; 

A Course of Lectures on (he principal Events of Passion Week. By Walter Farquhar Hood, 
D.D., Vicar of Leeds, Prebendary of Lincoln, and Chaplain in Ordinary to the Queen. 4th 
Edition. Foolscap 8vo. 6*. cloth. 

HOOKER.— THE BRITISH FLORA. 

In 2 vols. Vol.1.; comprising the Phsenogamous or Flowering Plants, and the Ferns. By8ir 
William Jackson Hooker, K.H. LL.D. F.R.A. and L.S. etc. etc. etc. 5th Edition, with 
Additions and Corrections; and 173 Figures, illustrative of the Umbelliferous Plants, the 
Composite Plants, the Grasses, and the Ferns. Vol. 1. 8vo. t with 12 Plates, Ms. plain ; with 
the plates coloured, 24*. cloth. 
Vol. II. in Two Parts, comprising the Cryptogamia and the Fungi, completing the British 
Flora, and forming Vol. V., Parts 1 and 2, of Smith's English Flora, 24s. boards. 

HOOKER AND TAYLOR.- MUSCOLOGI A BRITANNIC A. 

Containing the Mosses of Great Britain and Ireland, systematically arranged aad described ; 
with Plates, illustrative of the character of the Genera and Species. By Sir W.J. Hooker 
and T.Taylor, M.D. F.L.S. etc. 3d Edition, enlarged, 8vo. 31*. 6s!. plain ; 31. a*, coloured. 
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HORXE (THE REV. T. H.)-AN INTRODUCTION TO THE CRITICAL 

STUDY AND KNOWLEDGE OF THE HOLY SCRIPTURES. By the Her. Thorns* 
Hartwell Home, 13. D. of St. John's College, Cambridge ; Rector of the united Parishes of St. 
Edmund the King and Martyr, and St. Nicholas Aeons, Lombard Street ; Prebendary o< Bt. 
Paul's. 9th Edition, revised and corrected. 5 vols. 8to. with Maps sad Fac-simlles, 01*. 
cloth ; or 5/. bound in calf half-extra, by Hay day. 
SUPPLEMENTARY PAGES, for purchasers of the 7th and 8th Editions, Is. 64. 
HORNE (THE REV. T. 1I.)-A COMPENDIOUS INTRODUCTION TO THE 

STUDY OF THE BIBLE. By the Rev. Thomas Hartwell Home, B.D. of St. John's College. 
Cambridge. Being an Analysis of his " Introduction to the Critical Study and Knowledge of 
the Holy Scriptures." 7th Edition, corrected and enlarged. 12mo. with Maes and other 
Engravings, Us. boards. 

HORSLEY (BISHOP).— BIBLICAL CRITICISM ON THE FIRST FOUR- 
TEEN HISTORICAL BOOKS OF THE OLD TESTAMENT; AND ON THE FIRST 
N1N E PROPHETICAL BOOKS. By Samuel Horslcy, LL.D. F.R.S. F.A.S. Lord Bishop of 
St. Asaph. Second Edition, containing Translations by the Author, never before published, 
together with copious Indexes. 2 vols. 8vo. liOs. cloth. 
By the same Author, 
THE BOOK OF PSALMS ; translated from the Hebrew: with Notes, explanatory sad critical. 
4th Edition. 8vo. lis. cloth. 

HOWITT— THE RURAL LIFE OF ENGLAND. 

By William Howitt. Third Edition, corrected and revised. Medium 8vo. with 
i\ — — 



Wood by Bewick and Williams, uniform with " Visits to Remarkable Places," 21i. cloth. 

HOWITT.— VISITS TO REMARKABLE PLACES; 

Old Halls, Battle-Fields, and Scenes illustrative of Striking Passages in English History sad 
Poetry. By William Howitt. New Edition. Medium Svo. with 40 Illustrations, 21«. cloth. 

SECOND SERIES. chiHlv in the Counties of DURHAM and NORTHUMBERLAND, with a 



Stroll along the BORDER. Medii 
Drawings made on the spot, '21 s. 



Hvo. with upwards of 40 highly-finished Woodcuts, Cross 

•loth. 



HOW ITT.— THE RURAL AND DOMESTIC LIFE OF GERMANY: 

With Characteristic Sketches of its chief Cities and Scenery. Collected in a General Tour, 
and during a Residence in that Country in the Years 1K4U-42. By William Howitt, author 
of "Th-j Rural Life of England," etc. 'Medium Svo., with above 50 Illustrations, 21*. cloth. 

HOWITT —THE STUDENT-LIFE OF GERMANY. 

From the Unpublished MS. of Dr. Cornelius. By William Howitt. 8ro. with 94 Wood- 

Engruviugs, uml J Steel Plates, 21». cloth. 

HOW1TT.-COLONISATION AND CHRISTIANITY: 

A Popular History of the Treatment of the Natives, in all their Colonics, by the Europeans. 
By William Howitt. Post Svo. 10«. 6d. cloth. 

HOWITT.— THE BOY'S COUNTRY BOOK: 

Being the real Life of a Country Bov, written by Himself; exhibiting all the Amusements. 
Pleasures, and Pursuits of Children 'in the Country. Edited by William Howitt, author Of 
*• The Rural Life of England," etc. 2d Edition. Fcap. Svo. with 40 Woodcuts, 8s. cloth. 

HOWITT (RICHARD).— IMPRESSIONS OF AUSTRALIA FELIX, 

During a Four Year*' He.sidence in that Colony: with particular reference to the Prospect! 
of Emigrants. With Notes of a Voyage round the World, Australian Poems, etc. By 
Richard Howitt. Foolscap Svo. 7s. cloth. 

HUDSON.— THE PARENT'S HAND-BOOK; 

Or, Guide to the Choice ui Professions, Employments, and Situations , containing useful 
and practical in formation on the subject of placing out Young Men, and of obtaiuinsr their 
Education with a view to particular occupations. By J. C. Hudson, Esq., author of *" Plata 

Directions for Making Wilis.*' Fcap. Svo. bs. cloth.' 

HUDSON.— PLAIN DIRECTIONS FOR MAKING WILLS 

In conformity with the Law, ami particularly with reference to the Act 7 Win. IV. and 1 Viet. 
e. 2t>. To which is added, a clear Exposition of the Law relating to the Distribution of Per- 
sonal Estate in the ca.se of Intcstucv , with two Forms of Wills, and much useful Information, 
etc. By J. C. Hudson, Esq. Kith Edition, corrected, with Notes of Cases judicially decided 
since the above Act came into operation. Fcap. Svo. "2s. 6d. 

HUDSON. -THE EXECUTOR'S GUIDE. 

By J. C. Hudson, Esq., of the Legacv Duty Office, London; author of ** Plain Directions 
for Making Wills," and "The Parent's Hand-Book." 4th Edition. Foolscap 8vO.6s.doth. 
*»* Th*. above two works may be had in One volume, price 7*. cloth. 

HUMBOLDT (BARON).- KOSMOS : 

A Physical Description of the Universe. Translated, with the Author's Sanction and Co- 
operation, under the superintendence of Lieutenant-Colonel Edward Sabine, F.R.S. of the 
Royal Artillery. Vols. 1 and 2, post Svo. [/« the prow. 

• # * This translation has been made at the request «/ Baron Von Humboldt; mho miil U9 
tht: thcrts b< fore publication. 



HUMPHREYS.— THE ILLUMINATED BOOKS OF THE MIDDLE ACES. 

A History of Illuminated Books, from the IVth to the XVIIth Century. By Henry Noel 



-- , » , r great I ._. 

from the rich Public Collegiate, and Private Libraries of Great Britain. 
In course of publication, in Parts. Parts 1 and 2, imperial 4to. each containingThree Plates, 
splendidly printed, in gold, silver, and colours, in imitation of the originals, as accurate as 
can be produced by mechanical means, with Descriptions, price 12f. 
Large Paper, on Half Imperial (21 J in. by 15) , to prevent folding the large Plates, 21*. 
*,* Six Parts to form a Volume, Four Volumes completing the work. 

HUNT.-RESEARCHES ON LIGHT: 

An Examination of all the Phenomena connected with the Chemical and Molecular Changes 
produced by the Influence of the Solar Rays ; embracing all the known Photographic Pro- 
cesses, and new Discoveries in the Art. By Robert Hunt, Keeper of Mining Records, 
Museum of Economic Geology. 8vo. with Plate and Woodcuts, 10*. 64. cloth. 

ILLUMINATED CALENDAR (THE). -THE illuminated calendar and home 

DIARY for 1846; containing 12 pages of facsimile from the Calendar of the rich MSS. 
" Hours" of the Duke of An km, styled King of Sicily and Jerusalem ; also 24 pages of Diary, 
each illuminated with an elaborate Border taken from the same MS.; and an Illuminated 
Title. Imperial 8vo. 42«. in a binding composed from the miniature pictures of the same MS. 
•»• The Illuminated Calendar and Home Diary , for 1845; copied from the Manuscript of 
the " Hours of Anne of Brittany.*' Imp. 8vo. 4*2*. in emblazoned printing and binding. 

JACKSON— THE PICTORIAL FLORA; 

Or, British Botany Delineated, in 1500 Lithographic Drawings of all the Species of Flowering 
Plants indigenous to Great Britain ; illustrating the descriptive works on English Botany of 
Hooker, Lindley, Smith, etc. By Miss Jackson. 8vo. 15*. cloth. 

JAMES.-A HISTORY OF THE LIFE OF EDWARD THE BLACK PRINCE, 

and of various Events connected therewith, which occurred during the Reign of Edward III. 
King of England. By G. P. R.James, Esq. 2d Edition. 2vols. foolscap 8vo. with Map, 15». 

JAMES.-LIVES OF THE MOST EMINENT FOREIGN STATESMEN. 

ByG.P.R. James. Esq., and E.E.Crowe, Esq. &vols. foolscap 8vo. 30*. cloth. 

JEBB (BISHOP).— PASTORAL INSTRUCTIONS ON THE CHARACTER 

AND PRINCIPLES OF THE CHURCH OF ENGLAND, selected from his former 
Publications. By John Jebb, D.D. F.R.S., late Bishop of Limerick, Ardfert, and Aghadoe. 
A New Edition. Foolscap 8vo. 6*. cloth. 

By the same Author, 
PIETY WITHOUT ASCETICISM ; or, the Protestant Kempis: a Manual of Christian Faith 
and Practice, selected from the Writings of Scongal, Charles Howe, and Cud worth ; with 
corrections and occasional Notes. Second Edition. Foolscap 8vo. 6*. cloth. 

JEBB (BISHOP) AND KNOX (ALEXANDER).-THIRTY YEARS' COR- 
RESPONDENCE between John Jebb, D.D.F.R.S., Bishop of Limerick, Ardfert, Aghadoe, 
and Alexander Knox, Esq. M.R.I. A. Edited by the Rev. Charles Forstcr, B.D. Rector of 
Stistcd, Essex, and one of the Six Preachers in the Cathedral of Christ, Canterbury, formerly 
Domestic Chaplain to Bishop Jebb. 2d Edition. 2 vols. 8vo. 28*. cloth. 

LORD JEFFREY.- CONTRIBUTIONS TO THE EDINBURGH REVIEW. 

By Francis Jeffrey, now one of the Judges in the Court of Session in Scotland. 4vols.8vo. 
48s. cloth. 

JOHNSON.-THE FARMER'S ENCYCLOP/EDIA, 

And DICTIONARY of RURAL AFFAIRS: embracing all the recent Discoveries In Agri- 
cultural Chemistry; adapted to the comprehension of unscientific Readers. By Cuthbert 
W. Johnson, Esq., F.R.S. Barrister-at-Law, Corresponding Member of the Agricultural 
Society of KSnigsberg, and of the Maryland Horticultural Society , author of several of the 
Prize Essays of the Royal Agricultural Society of England, and other Agricultural Works ; 
Editor of the "Farmer's Almanack," etc. 8vo. with Wood Engravings of the best and moat 
improved Agricultural Implements, 11. 10*. cloth. 

KANE—ELEMENTS OF CHEMISTRY; 

Including the most Recent Discoveries and Applications of the Science to Medicine and 
Pharmacy, and to the Arts. By Robert Kane, M.D. M.R. I. A. Professor of Natural Philosophy 
to the Royal Dublin Society. 8vo. with 236 Woodcuts, 24*. cloth. 

KATER AND LARDNER.— A TREATISE ON MECHANICS. 

By Captalu Kater and Dr. Lardner. New Edition. Foolscap 8vo. with Vignette Title, and 
19 Plates, comprising 224 distinct figures, 6*. cloth. 

KEIGHTLEY.— OUTLINES OF HISTORY, 

From the Earliest Period. By Thomas Keightley, Esq. New Edition, corrected and con- 
siderably improved. Foolscap 8vo., 6*. cloth ; or 6*. 6*7. bound. 
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KIKBY AND SPENCE.— AN INTRODUCTION TO ENTOMOLOGY: 

Or, Elements of the Natural History of Insects: comprising an account of noxious and 
useful ln*ccth, of their Metamorphoses, Food, Stratagems, Habitations, Societies, Motions, 
Noises, Hibernation, Iimtinct, etc. By W. Kirby, M.A. F.R.S. & L.S. Rector of Barium; 
and W. Spence, Ebq., F.H.S. &L.S. 6th Edition, corrected and considerably enlarged. 
2 vols. Hvo. 1/. 11*. f.rf. cloth. 
• # * Thejint two volume* of the «• Introduction to Entomology" are published as a separate 
work, distinct fro:n the third and fourth volumes, and, though much enlarged, at a consider- 
able reduction of price, in order that the numerous class of readers to ho confine their study of 
inserts to that of their manners and economy, need not be burthrned with the cost of the 
technical portion of the work, relating to thetr anatomy, physiology, etc. 

KNOX (ALEXANDER). — REMAINS OF ALEXANDER KNOX, ESQ. 

Of Dublin, M.K.I. A.; containing Kssays, chiefly explanatory, of Christian Doctrine; and 
Confidential letters, with Private Papers, illustrative of the Writer's Character, Sentiments, 
ami Life. 3d Kdition. 4 toIs. Hvo. it. 8*. cloth. 

LAING.— NOTES ON THE SCHISM FROM THE CHURCH OF ROME, 

cillcd the GERMAN CATHOLIC CHURCH, instituted by J. Rouge and I. Czerzkl, in 
October 1S4-4, on occasion of the Pilgrimage to the Holy Coat at Treves. By S. Laing, Esq., 
author of "Notes of a Traveller," etc. 2d Kdition. Foolscap 8vo. 6*. cloth. 

LAING.— THE CHRONICLE OF THE KINGS OF NORWAY. 

From the Earliest Period of the History of the Northern Sea Kings to the Middle of the 
Twelfth Century, commonly called the Heimakringla. Translated from the Icelandic of 
Snorro Sturlesou, with Notes, and a Preliminary Discourse, by Samuel Laing, author of 
•' Notes of aTraveller,"etc. 3 vols. Hvo. 36*. cloth. 

LAING.— A TOUR IN SWEDEN 

In 1H38; comprising Observations on the Moral, Political.and Economical State of the 8wedish 
Natiou. By Samuel Laing, Esq. Hvo. 12s. cloth. 

LAING.— NOTES OF A TRAVELLER 

On the Social and Political State of France, Prussia, Switzerland, Italy, and other parts of 
Europe, during the present Century. By Samuel Laing, Esq. 2d Edition. 8vo. 16s. cloth. 

LAING.— JOURNAL OF A RESIDENCE IN NORWAY 

During the years 1H3 1, 1835, and 1830 ; made with a view to inquire into the Rnral aud Political 
Economy of that Country, and the Condition of its Inhabitants. By Samuel Laing, Esq. 
2d Edition. 8vo. lis. cloth. 

LANE (R. J )-LIFE AT THE WATER CURE: 

Or, a Month at Malvern. A Diary of Facts and Fancies. To which is added the Sequel. 
By Richard J. Lane, AH. A.. Lithographer in Ordinary to Her Majesty and His Royal High- 
ness Prince Albert. Hvo. with many Illustrations. [In the press. 

LANETON PARSONAGE: 

A Tale for Children, on the practical use of the Church Catechism. By the Author of 
'• Amy Herbert," and "Gertrude." Fcp. 8vo. [In the press. 

LAPLACE (THE MARQUIS DE).-THE SYSTEM OF THE WORLD. 

By M. Le Marquis De Laplai e. Translated from the French, and elucidated with Explana* 
tory Notes. By the Rev. Henry H. Harte, F.T.C.D. M.R.I.A. 2 vols. Hvo. 24*. boards. 

LARDNER'S CABINET CYCLOP/EDIA; 

Comprising a Series of Original Works on History, Biography, Literature, the Sciences, Arts, 
and Manufactures. Conducted aud edited by Dr. Larduer. 
The Scries complete in One Hundred and Thirty-three Volumes, 39*. 18*. The Works 
separately, 6s. per volume. 

LARDNER.— A TREATISE ON ARITHMETIC. 

By Dr. Larduer, LL.D. F.R.S. Foolscap Hvo. with Vignette Title, 6». cloth. 

LARDNER.— A TREATISE ON GEOMETRY, 

Aud its Application to the Arts. By Dr. Lardner. Foolscap 8vo.,6#. cloth. 

LARDNER.— A TREATISE ON HEAT. 

By Dr. Lardner, LL.D. etc. Fcap. Hvo. with Vignette Title and Woodcuts, 6f .cloth. 

LARDNER.— A TREATISE ON HYDROSTATICS AND PNEUMATICS. 

By Dr. Lardner. New Kdition. Foolscap 8vo. with Vignette Title, 6*. cloth. 

LARDNER AND WALKER.— A MANUAL ON ELECTRICITY, MAG- 
NETISM, and METKOROIAXJY. By Dr. Lardner, LL.D. F.R.S., and C. V. Walker, 
Secretary of the Electrical Society. 2 vols, foolscap Hvo., with Vignette Titles, 12*. cloth. 

L. E. L.— THE POETICAL WORKS OF LETITIA ELIZABETH LAN DON. 

New Kdition, 4 vols, foolscap 8vo. with Illustrations by Howard, etc. 28*. cloth; or t 
in morocco, with gilt edges, 2/. As. 

The following Works separately:— 
The IMPROVI8ATRICE - - 10». €d. I The GOLDEN VIOLET - - - 10*. M. 
The VENETIAN BRACELET 10*. 6a*. | The TROUBADOUR - - - - 10*. M. 
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LEE— TAXIDERMY; 

Or, the Art of Collecting, Preparing, and Mounting Objects of Natural History. For the «M 
of Museums and Travellers. By Mrs. K.Lee (formerly Mrs. T. E. Bowdich), author of 
•* Memoirs of Cuvier," etc. 6th Edition, improved, with an account of a Visit to Walton 
Hall, and Mr. Waterton's method of Preserving Animals. Fcap. 8vo. with Woodcuts, 7$. 

LEE- ELEMENTS OF NATURAL HISTORY, 

For the Use of Schools and Young Persons: comprising the Principles of Classification, 
interspersed with amusing and instructive original Accounts of the most remarkable Animal*. 
By Mrs. R. Lee (formerly Mrs. T. E. Buwdicb), author of "Taxidermy," "Memoirs of 
Cuvicr," etc. 12mo. with 55 Woodcuts, 7«.6<*. bound. 

LEFEVRE (SIR GEORGE).— AN APOLOGY FOR THE NERVES: 

Or, their Importance and Influence in Health and Disease. By Sir George Lefevre, M.D. 
author of *' The Life of a Travelling Physician," "Thermal Comfort," etc. Post 8vo. 9*. 

LEMPRIERE.—A CLASSICAL DICTIONARY; 

Containing a copious Account of all the Proper Names mentioned In Ancient Authors ; with 
the Value of Coins, Weights, and Measures, used amongst the Greeks and Romans; and a 
Chronological Table. By T. Lempriere, D.D. 20th Edition, corrected. 8vo. 9*. cloth. 

LEREBOURS (N.P.)-A TREATISE ON PHOTOGRAPHY 5 

Containing the latest Discoveries appertaining to the Daguerreotype. Compiled from Com- 
munications by M.M. Daguerre and Arago, and other eminent Men of Science. By N. P. 
Lerebours, Optician to the Observatory, Paris, etc. Translated by J. Egerton. Post 8vo. 
with Plate, 7*. 6<f. cloth. 

LESLIE (C.R.)— MEMOIRS OF THE LIFE OF JOHN CONSTABLE, ESQ. 

R. A. Composed chiefly of his Letters. By C. R. Leslie, R. A. Second Edition, with farther 
Extracts from his Correspondence. Small 4to. with two Portraits (one from a new Sketch, 
by Mr. Leslie,) and a plate of" Spring," engraved by Lucas, 21*. cloth. 

LIFE OF A TRAVELLING PHYSICIAN, 

From his first Introduction to Practice ; including Twenty Years' Wanderings throughout 
the greater part of Europe. By the late Sir George Lefevre, M-D. 3 vols, post 8vo. with 
coloured Frontispieces, 31*. 6rf. cloth. 

LI NDLEY.— INTRODUCTION TO BOTANY. 

By Prof.J.Lindley, Ph.D. F.R.S. L.S. etc. 3d Edition, with Corrections and considerable 
Additions. 8vo. with Six Plates and numerous Woodcuts, 18*. cloth. 

LINDLEY.— FLORA MEDIC A ; 

A Botanical Account of all the most important Plants used in Medicine in different Parts of 
the World. By John Lindley, Ph.D. F.R.S. etc. 8vo. 18*. cloth. 

LINDLEY.— A SYNOPSIS OF THE BRITISH FLORA, 

Arranged according to the Natural Orders. By Professor John Lindley, Ph. D., F.RJ3., etc. 
Third Edition, with numerous Additions and Improvements. 12mo. 10s. 6d. cloth. 

LINDLEY— THE THEORY OF HORTICULTURE; 

Or, an Attempt to Explain the Principal Operations of Gardening upon Physiological Prin- 
ciples. By John Lindley, Ph.D. F.R.S. 8vo. with Illustrations on Wood, 12f. cloth. 

LINDLEY.— GUIDE TO THE ORCHARD AND KITCHEN CARDEN; 

Or, an Account of the most valuable Frnits and Vegetables cultivated i u Great Britain: with 
Kaleudars of the Work required in the Orchard and Kitchen Garden during every month la 
the Year. By George Lindley, C.M.H.S. Edited by Professor Lindley. 8vo. 16*. boards. 

LIN WOOD (W.)— ANTHOLOCIA OXONIENSIS ; 

Sive, Florilegium e lusibus poetiria diversorum Oxouieusium Gracis et Latinis decerptum* 
Curante Gulielmo Linwood, M.A. jEdis Christi Alummo. 8vo. [In the preu. 

LLOYD.— A TREATISE ON LIGHT AND VISION. 

By the Rev. H.Lloyd, M.A. , Fellow of Trin. Coll. Dublin. 8vo. 5a. boards. 

LORIMER.- LETTERS TO A YOUNG MASTER MARINER. 

On some Subjects connected with his Calling. By Charles Lorimcr. 3d edition. 12mo. 
with an Appendix, 5*. 6<f. cloth. 

LOUDON (MRS.)-THE LADY'S COUNTRY COMPANION; 

Or, How to Enjoy a Country Life Rationally. By Mrs. Loudon, author of "Gardening for 
Ladies," etc. New Edition. Foolscap 8vo., with an Engraving on Steel, and Illustrations on 
Wood, 7«.6<f. cloth. 

LOUDON (J. C.)-SELF INSTRUCTION j j j „ . . , v . 

For Young Gardeners, Foresters, Bailiffs, Land Stewards, and Farmers ; in Arithmetic 
Book-keeping, Geometry, Mensuration, Practical Trigonometry, Mechanics, Land-Survey- 
lue, Leveling, Planning and Mapping, Architectural Drawing, and I some tr leal Projection 
and Perspective ; with Examples shewing their applications to Horticultural and Agricul- 
tural Purposes. By the late J. C. London, F.L.S. H.S. etc. With a Portrait of Mr. Loudon, 
and a Memoir by Mrs. Loudon. 8vo. with Wood Engravings, 7». 6«f. cloth. 



18 NEW WORKS AND NEW EDITIONS 

LOUDON.— AN ENCYCLOPAEDIA OF TREES AND SHRUBS; 

Being the " Arboretum et Frulicetnm Britannicum" abridged : containing the Hardy Trees 
and Shrubs of Great Britain, Native and Foreign, scientifically and popularly described : 
with their Propagation, Culture, and Uses in the Arts ; and with Engravings of nearly all the 
Species. For the use of Nurserymen, Gardeners, and Foresters. ByJ.C. Loudon, F.L.S. etc. 
8to. with upwards of 2000 Engravings on Wood, 2/.10.t. cloth. 
The Original Work ; a New Edition, in 8 vols. 8vo. with above 400 8vo. Plates of Trees, and 
upwards of 2500 Woodcuts, 10/. cloth. 

LOUDON.— AN ENCYCLOPAEDIA OF GARDENING; 

Presenting in one systematic view, the History and Present State of Gardening in all Coun- 
tries, and its Theory and Practice in Great Britain: with the Management of the Kitchen 
Garden, the Flower Garden. Laying-out Grounds, etc. By J. C. Loudon, F.L.S. etc. A new 
Edition, enlarged and much improved. 8vo.with nearly 1000 Engravings on Wood, 2/. 10s. 
cloth. 

LOUDON.— AN ENCYCLOPAEDIA OF AGRICULTURE; 

Comprising the Theory and Practice of the Valuation, Transfer, Laying-out, Improvement* 
and Management of Landed Property, and of the cultivation and economy of the Animal and 
Vegetable productions of Agriculture, including all the latest improvements; a general 
History of Agriculture in all countries; a Statistical view of its present state, with 
suggestions for its future progress in the British Isles; and a Supplement, bringing down 
the work to the year 1844. By J. C. Loudon, F.L.G.Z. and H.S.etc. Fifth Edition. 8vo. with 
upwards of 1100 Engravings on Wood, by Brans ton, 2/. 10s. cloth. 
The Supplement, with 85 Engravings, 5s. sewed. 
LOUDON —AN ENCYCLOPAEDIA OF PLANTS; 

Including all the Plants which are now found in, or have been introduced into, Great Britain; 



iving th*eir Natural History, accompanied by such Descriptions, Engraved Figures, and 

lementary Details, as may enable a beginner, who is a mere English reader, to discover the 

name of every Plant which he may find in flower, and acquire all the information respecting 



/ 



it which is useful and interesting. The Specific Characters by an Eminent Botanist; the 
Drawings by J. D. C. Sowerby, F.L.S. A new Edition (1841), with a new Supplement, com- 

£ rising every desirable particular respecting all the Plants originated in, or introduced into, 
Iritain between the first publication of the work, in 1829, and January 1840: with a new 
General Index to the whole work. Edited by J. C. Loudon, prepared by W. H. Baxter, Jun., 
and revised by George Don , F.L.S. ; and 800 new Figures of Plants, on Wood, from Drawings 
by J. D. C. Sowerby, F.L.S. 8vo. with nearly 10,000 Wood Engravings, 73s. 64. cloth. 
*,* The last Supplement, separately, 8vo. I5s. cloth. 

LOUDON.— AN ENCYCLOPAEDIA OF COTTAGE, FARM, AND VILLA 

ARCHITECTURE and FURNITURE. Containing Designs for Cottages, Villas, Farm 
Houses, Farmeries, Country Inns, Public Houses, Parochial Schools, etc. ; with the requisite 
- Fittin^s-up, Fixtures, and Furniture, and appropriate Offices, Gardens, and Garden Scenery: 
each Design accompanied by Analytical and Critical Remarks illustrative of the Principles 
of Architectural Science and Taste on which it is composed, and General Estimates of the 
Expense. By J.C.Loudon, F.L.S. etc. New Edition, corrected, with a Supplement contain- 
ing 160 additional pages of letter-press, and nearly 300 new engravings. 8vo. with more than 
2000 Engravings on Wood, 63s. cloth. 

*,* The Supplement, separately, 8vo. 7». 6d. Bewed. 

LOUDON.-HORTUS BRITANNICUS : 

A Catalogue of all the Plants indigenous to or introduced into Britain. The 3d Edition, 
with a New Supplement, prepared, under the direction of J. C. Loudon, by W. H.Baxter, 
and revised by George Don, F.L.S. 8vo. 31a. 6rf. cloth. 

The Supplement separately, 8vo. 2«.6<f. sewed. 

The later Supplement separately, 8vo. 8s. sewed. 

LOUDON.— THE SUBURBAN GARDENER AND VILLA COMPANION: 

Comprising the Choice of a Vilia or Suburban Residence, or of a situation on which to form 
one; the Arrangement and Furnishing of the House; and the Laying-out, Planting, and 
general Management of the Garden and Grounds ; the whole adapted for Grounds from one 

fierch to fifty acres and upwards in extent; intended for the instruction of those who know 
ittle of Gardening or Rural Affairs, and more particularly for the use of Ladies. ByJ.C. 
Loudon, F.L.S., etc. 8vo. with above 300 Wood Engravings, 20s. cloth. 

LOUDON.-HORTUS LICNOSUS LONDINENSIS; 

Or, a Catalogue of all the Ligneous Plants cultivated in the neighbourhood of London. To 
which are added their usual Prices in Nurseries. By J. C. Loudon, F.L.S. etc. 8vo. 7*. 6rf. 

LOW.-ON LANDED PROPERTY, AND THE MANAGEMENT OF ESTATES; 

Comprehending the Relations between Landlord and Tenant, and the Principles and Forms 
of Leases ; of Farm-buildings, Enclosures, Drains, Embankments, Roads, and other Rural 
Works, Minerals, and Woods. By David Low, Esq. F.R.S.E. etc., author of "Elements 
of Practical Agriculture/' etc. 8vo. with numerous Wood Engravings, 21s. cloth. 
LOW.-ON THE DOMESTICATED ANIMALS OF GREAT BRITAIN, 

comprehending the Natural and Economical History of the Species and Breeds; Illustrations 
of the Properties of External F"orm ; and Observations on the Principles and Practice of 
Breeding. By David Low, Esq., F.R.S.E. Professor of Agriculture iu the University of 
Edinburgh, etc.; author of "Elements o( Practical A«\cw\\AMe," etc. 8vo. with Enirravlnirs 
on Wood, 25s. cloth. »■ * 
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LOW.— THE BREEDS OF THE DOMESTICATED ANIMALS OF GREAT 

BRITAIN described. By David Low, Esq. F.R.S.E., Professor of Agriculturein the Univer- 
sity of Edinburgh, etc. etc. The Plates from drawings by W. Nicholson, R.S.A., reduced 
from a Series or Oil Paintings, executed for the Agricultural Museum of the University of 
Edinburgh, by W. Shiels, R.S.A. 2 vols . atlas quarto, with 56 plate* of Animals, beautifully 
coloured after Nature, 16/. 16*. half-bound in morocco. 

Or in four separate portions, as follow: — 
The OX. 1 Vol. atlas quarto, with 22 Plates, I The HORSE. 1 Vol. atlas quarto, with 8 

price 6/. 16*. 6rf. half-bound morocco. Plates, price 3/. half-bound morocco. 

The SHEEP. 1 Vol. atlas quarto, with 21 The HOG. 1 Vol. atlas quarto, with 5 Plates, 
Plates, price 6/. 16». 6rf. half-bound morocco. I price 21. 2s. half-bound morocco. 

LOW— ELEMENTS OF PRACTICAL AGRICULTURE; 

Comprehending the Cultivation of Plants, the Husbandry of the Domestic Animals, and the 
Economy of the Farm. By David Low, Esq. F.R.S.K., Professor of Agriculture in the Uni- 
versity of Edinburgh. 4th Edition, with Alterations and Additions.' 8vo. with above 200 
Woodcuts, 21*. cloth. 

MACAULAY. -CRITICAL AND HISTORICAL ESSAYS CONTRIBUTED TO 

The EDINBURGH REVIEW. By the Right Hon. Thomas Babington Macaulay, M.P. 
3d Edition. 3 vols. 8vo. 36s. cloth. 

MACAULAY. -LAYS OF ANCIENT ROME. 

By the Right Honorable Thomas Babington Macaulay, M.P. 7th Edition. Crown 8vo. 
10*. 6rf. cloth. 

MACKAY (CHARLES).— THE SCENERY AND POETRY OF THE ENGLISH 

LAKES ; a Summer Ramble. By Charles Mackay, Esq. author of " Legends of the Isles," 
••The Salamandrine," "The Thames and its Tributaries," etc. 8vo. with beautiful Wood 
Engravings from Original Sketches. [Jutt ready. 

MACKENZIE.— THE PHYSIOLOGY OF VISION. 

Bv W. Mackenzie, M.D., Lecturer on the Eye in the University of Glasgow. 8to. with 
Woodcuts, 10*. 6<f. boards. 

MACKINNON.— THE HISTORY OF CIVILISATION. 

By Wm. Alexander Mackinnon, F.R.S. M.P. for Lymington. 2 vols. 8vo. 24*. cloth. 

MACKINTOSH (SIR JAMES).— THE LIFE OF SIR THOMAS MORE. 

By the Right Hon. Sir James Mackintosh. Reprinted from the Cabinet Cyclopaedia; and 
intended tor a Present-Hook or School Prize. Foolscap 8vo. with Portrait, 5*. cloth ; or 
bound in vellum gilt (old ityle) , 8*. 

MACKINTOSH'S (SIR JAMES) MISCELLANEOUS WORKS; 

Including his Contributions to The EDINBURGH REVIEW. Edited by Robert James 

Mackintosh, Esq. 3 vols. 8vo. 42*. cloth. 

MACKINTOSH, ETC.— THE HISTORY OF ENGLAND. 

Bv Sir James Mackintosh ; W. Wallace, Esq.; and Robert Bell, Esq. 10 vols. foolscap Svo. 

with Vignette Titles, 3/. cloth. 

M'CULLOCH.-THE LITERATURE OF POLITICAL ECONOMY; 

Being a Classified Catalogue of the principal Works in the different departments of Political 
Economv, interspersed with Historical, Critical, and Biographical Notices. By J. II. 

M'Culloih, Esq. 8vo. 14*. cloth. 

M'CULLOCH (J. R.) -AN ACCOUNT, DESCRIPTIVE, AND STATISTICAL, 

of the BRITISH EMPIRE; exhibiting its Extent, Physical Capacities, Population, Industry, 
and Civil and Religious Institutions. By J. R. M'Culloch, Esq. 3d Edition, corrected, 
enlarged, and greatly improved. 2 thick vols. 8vo. [In the press. 

M'CrLLOm.— A TREATISE ON THE PRINCIPLES AND PRACTICAL 

INFLUENCE OF TAXATION AND THE FUNDING SYSTEM. ByJ..R. M'Culloch, 

Esq. Svo 15*. cloth. 

M'( ILLOCH.-A DICTIONARY, GEOGRAPHICAL, STATISTICAL, AND 

H 1STORIC AL, of the various Countries, Places, and Principal Natural Objects in the World. 
ByJ.R. M'Culloch, Esq. A new Edition. 2 vols. Svo. with Six large Maps, 4/. cloth. 
•»• The nev Articles are printed separately at a Supplement to the former Edition. Then 
comprise a full account of the present state of the United Kingdom, the Oregon Terri- 
tory, etc. Hi'o. 5*. sewed. 

M'( TLLOCII.— A DICTIONARY, PRACTICAL, THEORETICAL, AND 

HISTORICAL, OF COMMERCE, AND COMMERCIAL NAVIGATION. Bv J. R. 

AWullooh, Esq. A New Edition, corrected, cularged, and improved. 8vo. witn Maps 

and Plans, 50*. cloth; or 55*. strongly half-bound in russia, with flexible back. 

•»• Thin Edition, which has been carefully corrected, comprises, besides the New Tmr\f, 

the new Aitt relating to Hanking?, the Sugar Trade, Navigation and Customs, the hiring •/ 

Seamen, etc ; and is further enriched with valuable information from all parts of the world. 

A SUPPLEMENT, for the use of the purchaser! of the last Edition, 8vo. price 3*. td. aewed. 
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MAITLAND DR. CHARLES WTHE CHURCH IN THE CATACOMBS: 

A Inscription of the primitive Church in Rome, Illustrated by Its Sepulchral Remains. 
By Charles Maitland, M.D. 8vo. with very numerous Engravings on Wood. 

[Nearly ready. 

MARCET (MRS.)-CONVERSATIONS ON THE HISTORY OF ENGLAND. 

For the Use of Children. By Mrs Marcet, author of" Conversations on Chemistry, "etc 
2d Edition, with Additions. lKmo. ft*, cloth. 

MARCET.— CONVERSATIONS ON CHEMISTRY; 

In which the Elements ot that Science are familiarly Kxplaiued and Illustrated by Experi- 
ments. 15th Kdition, enlarged and corrected. 2 vols, foolscap 8to. 14«. cloth. 

MARCET.— CONVERSATIONS ON NATURAL PHILOSOPHY; 

In which the Klcmeuts of that Science are familiarly explained, and adapted to the compre- 
hension of Young 1'crsons. 10th Kdition, enlarged and corrected. Fcap. 8vo. with S3 Plates* 
10*. 6d. cloth. 

MARCET.— CONVERSATIONS ON POLITICAL ECONOMY; 

In which the Elements ol that Science are familiarly explained. 7th Edition, revised and 
enlarged. Foolscap Hvo. Is. 6d. cloth. 

MARCET -CONVERSATIONS ON VECETABLE PHYSIOLOGY; 

Comprehending the Klements of Botany, with their application to Agriculture. 3d Edition. 
Foolscap Hvo. with Four Plates, 9s. cloth'. 

MARCET— CONVERSATIONS FOR CHILDREN; 

On Land and Water. 3d Kdition revised and corrected. Foolscap 8to., with coloured Map, 
shewing the comparative Altitude of Mountains, 5*.6rf. cloth. 

MARCET.— CONVERSATIONS ON LANGUAGE, 

For Children. By Mrs. Marcct, author of •* Willy's Grammar, "etc. 18mo.4«.6«f. cloth. 

MARCET— THE CAME OF GRAMMAR, 

With a Book of Conversations, shewing the Rules of the Game, and affording Examples of 
the manner of playing at it. In a varnished box, or done up as a post 8vo. volume, St. 

MARCET -WILLY'S GRAMMAR; 

Interspersed with Stories, and intended for the Use of Boys. By Mrs. Mareet, author of 
•'Mary's Grammar," etc. New edition. lSmo.2». 6rf. cloth. 

"A sound and simple work for the earliest ages."— Quarterly Review. 

MARCET.-LESSONS ON ANIMALS, VEGETABLES, AND MINERALS. 

Bv Mrs. Marcct, author of *' Conversations on Chemistry," etc. New Edition. 18mo. 2*. 

cloth. 

MARGARET RUSSELL: 

An Autobiography. In one volume. [In the preu. 

MARRIAGE GIFT. 

By a Mother. A Legacy to her Children. Post8vo.5». cloth, with gilt edges. 

MARRY AT (CAPT).— THE MISSION: 

Or, Scenes in Africa. Written for Young People. By Captain Marry at. C.B., author of 
44 Peter Simple," " Mastcrman Ready," 4 »Ttie Settlers in Canada, etc. 2 roll. fcap. 
8vo. 12s. cloth. 

MARRY AT (CAPT.)-THE SETTLERS IN CANADA. 

Written for Young People. By Captain Marryat, C.B. author of 4 * Peter Simple," 
41 Mastenuan Ready," etc. 2 vols. fcap.Svo. 12*. cloth. 

MARRYAT (CAPT.)-MASTERMAN READY; 

Or, the Wreck of the Pacific. Written for Young People. By Captain Marryat, C.B. author 

of 4 *I'etcr Simple," etc. 3 vols. fcap. 8vo. with numerous Engravings on Wood, 22«.M. cloth. 

*»• The volumes, separately, ~s. fid. each, cloth. 

" The best of Robinson Crusoe's numerous descendants, and one of the most captivmting of 

modern children's books. The only danger is, lest parents should dispute with their ehlUreu 

the possession of it."— Quarterly Review. 

MAUNDER.— THE TREASURY OF KNOWLEDGE, 

And LIBRARY of RKFKRKNCR. By Samuel Maunder. 16th Edition, revised throughout 
and enlarged. Foolscap 8vo., with two Frontispieces, 10*. cloth; bound in roan, with gilt 
edges, 12s. 
• »• The principal contents of the present new and thoroughly revised edition of**The Trea- 
~t of Knowledge," air- a new and enlarged English Dictionary, with a Grammar, Verbal 
'Indians, and Erercines; anew Universal Gazetteer ; a compendious Classical Dictlonaryt 
lalysis of History and Chronology j a Dictionary of Law Terms t m new Synopsis of tie 
■* Peerage j and v—' '-' '-«— »~ *■*■•—-•- 



Peerage i and various useful tabular Addenda. 
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MAUNDER.- THE BIOGRAPHICAL TREASURY: 

Consisting of Memoirs, Sketches, and brief Notices of above 12,000 Eminent Persons of ail 
Ages and Nations, from the Earliest Period of History; forming a new and complete Dic- 
tionary of Universal Biography. By Samuel Maunder. 5th Edition, revised throughout, 
and containing a copious Supplement* brought down to 1846. Foolscap Svo. with Frontis- 
piece, 10*. cloth ; bound in roan, with gilt edges, 12*. 

MAUNDER.— THE SCIENTIFIC AND LITERARY TREASURY: 

A New and Popular F.ncyclopsedia of Science and the Belles Lettres; including all Branches 
of Science, and every Subiect connected with Literature and Art. The whole written in a 
familiar style, adapted to the comprehension of all persons desirous of acquiringinformation 
on the subjects comprised in the work, and also adapted for a Manual of convenient Refer- 
ence to the more instructed. By Samuel Maunder. 4th Edition. Fcap. 8vo. with Frontispiece, 
10*. cloth; bound in roan, with giit edges, 12*. 

MAUNDER.— THE TREASURY OF HISTORY; 

Comprising a General Introductory Outline of Universal History, Ancient and Modern, and 
a Series of separate Histories of every principal Nation that exists; developing their Rise, 
Progress, and Present Condition, the Moral and Social Character of their respective 
Inhabitants, their Religion, Manners, and Customs, etc. etc. By Samuel Maunder. 2d Edit. 
Fcap. 8vo. with Frontispiece, 10*. cloth; bound in roan, with gilt edgeB, 12*. 

MAUNDER.— THE UNIVERSAL CLASS-BOOK: 

A new Series of Reading Lessons (original and selected) for Every Day in the Year. With 
Questions for Kxamination. By Samuel Maunder, author of "The Treasury of Knowledge," 
etc. 2d Edition, revised. 12mo. 5*. bound. 

MICHET/ET (J).-PRIESTS, WOMEN, AND FAMILIES. 

By J. Michelet. Translated from the French (third edition), with the Author's permission, 
by C. Cocks, B.L. Professor of the Living Languages in the Royal Colleges of France. New 
Editions. Post 8vo. 9*. cloth. 16mo. 1*. Ad. sewed. 

MICHELET (J.)— THE PEOPLE. 

By M. Michelet, Member of the Institute of France, etc. Translated, with the approbation 
of the Author, by C. Cocks, B.L. Professor of the Living Languages in the Royal Colleges 
of France. New' Edition. Post 8vo. 9*. cloth. 16mo. 1*. 64. sewed. 
*,• Mr. Cocks'* authorised translations of MieheleVs ** Prints, Women, and Families," 

and " The People," in one vol. 16mo. 3s. 6d. doth. 

MICHELET AND QUINET.-THE JESUITS 

Bv J. Michelet, Member of the Institute of France; and E. Quinet, of the College of 
France. Translated, with the Authors' approbation, by C. Cocks. B.L. Professor of the 
Living Languages in the Roval Colleges of France. lGmo. uniform with the authorised editions 
of Michelet's 44 Priests, Women, and Families," and "The People." [Nearly ready. 

MIGNET'M.)- ANTONIO PEREZ AND PHILIP II. OF SPAIN. 

Bv M. Mignct. Member of the Institute of France, Perpetual Secretary of the Academy of 
Moral anM Political Sciences, etc. Translated by C. Cocks, B. L. Professor of the Living 
Languages iu the Royal Colleges of France. Post 8vo. 9*. cloth. 

MILES f\V.)— THE HORSE'S FOOT, 

And How to Keep it Sound. By William Miles, Esq. Royal 8vo. with Engravings, 7*. cloth. 

M1LNER (REVS. J. AND I.)— THE HISTORY OF THE CHURCH OF 

CHRIST. By the Rev. Joseph Milner, A.M. With Additions and Corrections by the late 
Rev. Isaac Milner, D.D. F.R.S. A New Edition. 4 vols. 8vo. 2/. 8*. boards. 

MOIIUN LAL.-THE LIFE OF THE AMIR DOST MAHOMED KHAN OF 

CABOUL. Bv Mohan Lai, Knight of the Persian Order of the Sun ; lately attached to the 
Mission at Canoul ; author of •• Travels in the Punjab, Afghanistan," etc. 8vo. with nume- 
rous Portraits. [2 vols, in the press. 

MONTAUBAN (MRS. E)-A YEAR AND A DAY IN THE EAST; 

Or, Wanderings over I^and and Sea. By Mrs. Eliot Montauban. Post Svo. 7*. cloth. 
MONTGOMERY'S (JAMES) POETICAL WORKS. 

New ami nnlv complete Edition. With some additional Poems and Autobiographical 
Prefaces. Collected and edited by Mr. Montgomery. 4 vols, foolscap 8vo. with Portrait, and 
seven other Plates, 20*. cloth ; bound in morocco, 1/. 16*. 

MOORE.— THE HISTORY OF IRELAND. 

From the earliest Kings of that Realm, down to its latest Chief. By Thomas Moore, Esq. 
4 vols, foolscap Svo, with Vignette Titles, 24*. cloth. 

MOORE'S POETICAL WORKS; 

Containing the Author's recent Introduction and Notes. Complete in one volume, uniform 
with U>rd Byron's Poems. With a New Portrait, bv George Richmond, engraved in the line 
manner, and a View of Sloperton Cottage, the Residence of the Poet, bv Thomas Creswick, 
A. II. A. Medium 8vo 1/. 1*. cloth; or 42*. bound in morocco, by Hayday. 
*.• Also, an Edition in 10 vols, foolscap 8vo. with Portrait, and 19 Plates, 2/. 10*. clotbj 

moiocco, 4/. His. 
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MOORE'S LALLA ROOKH. AN ORIENTAL ROMANCE. 

New Edition. Medium 8vo. illustrated with 13 fiue Engravings, 21*. cloth; morocco, 35#.; 
with India Proof Plates, 35*. cloth. 

MOORE'S LALLA ROOKH. AN ORIENTAL ROMANCE. 

New Edition. Foolscap 8vo. with 4 Plates, by Westall, 10*. 6<f. cloth; or 14*. bound in 



// 



MOORE'S IRISH MELODIES. 

Illustrated bv D. Maclue, R.A. Imp. 8vo. with 161 Designs, engraved on Steel, 3/. 3*. 
boards ; or 4/ 14*. 6rf. bound in morrocco, by Hayday. Proof Impressions (only 200 copies 
printed, of which a few remain), 6/. 6*. boards. 
•»• India Proof* before letters of the 161 Designs, on Quarter Colombler, in Port/olio 
(only 23 eopiet printed, of which a few remain; , 31/. 10*. 

India Proofs before letters of the 51 Large Designs, on Quarter Colombler, in Portfolio 
(only 25 copies printed, of which a few remain), 18/. 18*. 

MOORE'S IRISH MELODIES. 

New Edition. Fcap. 8vo. with Vignette Title, 10*. cloth ; bound in morocco, 13*. 6d. 

MORAL OF FLOWERS (THE). 

3d Edition. Royal 8vo. with 24 beautifully coloured Engravings, If. 10*. half-bound. 

MORTON— A VETERINARY TOXICOLOCICAL CHART, 

Containing those Agents known to cause Death in the Horse; with the Symptoms, Antidotes, 
Action on the Tissues, and Tests. By W. J. T. Morton. 12mo.6*.in case; 8*. 64. on rollers. 

MORTON.— A MANUAL OF PHARMACY, 

For the Student in Veterinary Medicine ; containing the Substances employed at the Royal 
Veterinary College, with an Attempt at their Classification, and the Pharmacopoeia of that 
Institution. By W. J.T.Morton. 3d Edition, 12mo. 10*. cloth. 

MOSELEY.— ILLUSTRATIONS OF PRACTICAL MECHANICS. 

By the Rev. H. Moseley, M.A., Professor of Natural Philosophy and Astronomy in King's 
College, London ; being the First Volume of the Illustrations of Science by the Professors 
of King's College. Fcap.8vo. with numerous Woodcuts, 8*. cloth. 

MOSELEY.— THE MECHANICAL PRINCIPLES OF ENGINEERING AND 

ARCHITECTURE. By the Rev. H. Moseley, M.A. F.R.S., Professor of Natural Philosophy 
and Astronomy in King's College, London; and author of " Illustrations of Practical 
Mechanics," etc. 8vo. with Woodcuts and Diagrams, 1/.4*. cloth. 

MOSHEIM'S ECCLESIASTICAL HISTORY, 

Ancient and Modern. Translated, with copious Notes, by James Murdock, D.D. Edited, 
with Additions, by Henry Soames. M.A.Rectorof Stapleford-Tawney, Essex. New Edition, 
revised, and continued to the present time. 4 vols. 8vo. 48*. cloth. 

MULLER.— INTRODUCTION TO A SCIENTIFIC SYSTEM OF MYTHOLOGY. 

By C. O. Muller, author of "The History and Antiquities of the Doric Race," etc. Trans- 
lated from the German by John Leitch. 8vo. uniform with *• Mailer's Dorians," 12*. cloth. 

MURRAY.-AN ENCYCLOP/EDIA OF GEOGRAPHY 5 

Comprising a complete Description of the Earth: exhibiting its Relation to the Heavenly 
Bodies, its Physical Structure, the Natural History of each Country, and the Industry, Com- 
merce, Political Institutions, and Civil and Social State of all Nations. By Hugh Murray, 
F.R.S.E.: assisted in Astronomy, etc. by Professor Wallace; Geology, etc. by Professor 
Jameson; Botany, etc. by Sir W. J. Hooker; Zoology, etc. by W. Swainson, "Esq. New 
Edition, with Supplement, bringing down the Statistical Information contained in the Work, 
to December 1843: with 82 Maps, drawn by Sidney Hall, and upwards of 1,000 other 
Engravings on Wood. 8vo. 3/. cloth. 

NECKER DE SAUSSURE.— PROGRESSIVE EDUCATION; 

Or, Considerations on the Course of Life. Translated and Abridged from the French of 
Madame Necker De Saussure, by Miss Holland. 3 vols, foolscap 8vo. 19*. 6rf. cloth. 
•»• Separately, vols. I. and II. 12*. ; vol. III. 7*. 6d. 

NESBIT (A.)-A TREATISE ON PRACTICAL MENSURATION; 

Containing the most approved Methods of drawing Geometrical Figures ; Mensuration of 
Superficies; Laud -Surveying; Mensuration of Solids; the Use of the Carpenter's Rule; 
Timber Measure, etc. By A. Nesbit. 12th Edition. 12mo. with nearly 300 Woodcuts, 6*. 
bound. 

KEY. 7th Edition. 12mo. 5». bound. 

NEWELL (REV. R.H.)— THE ZOOLOGY OF THE ENGLISH POETS, 

Corrected by the Writings of Modern Naturalists. By the Rev. R.H. Newell, Rector of 
Little Hormead. Fcap. 8vo. with Engravings on Wood, 5s. 6rf., cloth. 
** This interesting; little volume has for its object the pointing out some of the more promt' 
nent passages in which our English poets have erred with respect to the structure and habits 
of animals. Birds, reptiles, and mammalia, are successively spoken of by the author, and 
practical errors with regard to them are held up to the light of modern science* As a note- 
book /or correcting false impressions, and the imparting sound ones, Mr, Newet'Vs work will 
6e found useful in the education of young people ."— MYvenroua. 

\ 
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NICOLAS-THE CHRONOLOGY OF HISTORY, 

Containing Tables, Calculations, and Statements indispensable for ascertaining' the Dates of 
Historical Events, and of Public and Private Documents, from the Earliest Period to the 
Present Time. By Sir Harris Nicolas, K.C. M.G. Second Edition, corrected throughout. 
Foolscap 8vo. with Vignette Title, 6*. cloth. 

ORDNANCE MAPS (THE), AND PUBLICATIONS OF THE GEOLO- 
GICAL SURVEY OF THE UNITED KlNGDOM.-Messrs. Longman and Co. have been 
appointed by the Board of Ordnance Agents for the sale of the Maps of the Ordnance Sur- 
vey of Great Britain. Also, sole Agents for the sale of the Maps, Sections, and Books of 
the Geological Survey of the United Kingdom, and of the Museum of Economic Geology, 
under the Chief Commissioner of Her Majesty's Woods, Works, and Land Revenues. 
*,* Complete detailed Catalogues of both Series may be had on application. 

OWEN. -LECTURES ON THE COMPARATIVE ANATOMY AND PHYSI- 
OLOGY of the INVERTEBRATE ANIMALS, delivered at the Royal College of Surgeons 
in 1843. By Richard Owen, F.R.S. Hunteriau Professor to the College. From Notes taken 
by William White Cooper, M.R.C.S. and revised by Professor Owen. With Glossary and 
Index. 8vo. with nearly 140 Illustrations on Wood, 14*. cloth. 
•»• A Second and concluding Volume, being the Lectures fon Fertebrata) delivered by 
Professor Owen during the last session, is preparing for publication. 

PARABLES (THE). 

The Parables of Our Lord, richly Illuminated with appropriate Borders, printed in Colours, 
and in Black and Gold ; with a Design from one of the early German engravers. Square 
foolscap 8vo., uniform in size with the " Sermon on the Mount," 21*., in massive carved 
binding ; or 30*. bound in morocco, by Hayday. [Just ready. 

PARKES.— DOMESTIC DUTIES: 

Or, Instructions to Young Married Ladies on the Management of their Households and the 
Regulation of their Conduct in the various Relations and Duties of Married Life. By Mrs. 
W. Parkes. 5th Edition. Foolscap 8vo. 9*. cloth. 

PARNELL.— A TREATISE ON ROADS: 

Wherein the Principles on which Roads should be made are explained and illustrated bvthe 
Plans, Specifications, and Contracts made use of by Thomas Telford, Esq. on the Holyhead 
Road. By the Right Hon. Sir Henry Parnell, Bart., Hon. Memb. Inst. Civ. Eng. London. 
Second Edition, greatly enlarged. 8v'o. with 9 large Plates, 1/. 1*. cloth. 

PATON (A.A.)-SERVIA, THE YOUNGEST MEMBER OF THE EUROPEAN 

FAMILY; or, a Residence in Belgrade, and Travels through the Highlands and Wood- 
lands of the Interior, during the years 1843 aud 1844. By Andrew Archibald Paton, Esq. 
Post 8vo. with portrait and plate, 12*. cloth. 

By the tame Author. 
THE MODERN SYRIANS; or, Native Society in Damascus, Aleppo, and the Mountains of 
the Druses. Post 8vo. 10*. Gd. cloth. 

PEARSON.— AN INTRODUCTION TO PRACTICAL ASTRONOMY: 

By the Rev. W. Pearson, LL.D. F.R.S. etc. Rector of South Kilworth, Leicestershire, and 
Treasurer to the Astronomical Society of London. 2 vols. 4to. with Plates, 71. 7s. boards. 

PEDESTRIAN AND OTHER REMINISCENCES AT HOME AND ABROAD, 

WITH SKETCHES OF COUNTRY LIFE. By Sylvanus. Post 8vo., with Frontispiece and 

Vignette Title, 10*. 6d cloth. 

PERC1VALL.-THE ANATOMY OF THE HORSE; 

Embracing the Structure of the Foot. By W. Percivall, M.R.C.S. 8vo. I/, cloth. 

PERCIVALL.-HIPPOPATHOLOGY: 

A Systematic Treatise on the Disorders and Lameness of the Horse; with their Modern and 
most approved Methods of Cure ; embracing the Doctrines of the English and French Veteri- 
nary Schools. Bv W. Percivall, M.R.C.S., Veterinary Surgeon in the First Life Guards. 
3 vols.Svo. Vol.'l, 10*. 6rf.; vols. 2 and 3, 14*. each, boards. 

PEKEIRA.-A TREATISE ON FOOD AND DIET: 

With Observations on the Dietctical Regimen suited for Disordered States of the Digestive 
Organs; and an Account of the Dietaries of some of the principal Metropolitan and other 
Establishments for Paupers, Lunatics, Criminals, Children, the Sick, etc. By Jon. Pereira, 
M D. F.R.S., author of "Elemeuts of Materia Medica." 8vo. 16*. cloth. 

PERICLES: 

A Tali- of Athens in the 83d Olympiad. By the author of " A Brief Sketch of Greek Philo- 
sophy." 2 vols, post 8vo. 18*. cloth. 
" All thne classical scenes are vigorously drawn t and* Perlrlet* must be pronounced one 

of thr happirtt examples ever yet produced of a graceful fiction, based oh a profound living 

knowledge of ancient Greek history and manners."- Britannia. 

PERRY (DR. W.C.)— CERMAN UNIVERSITY EDUCATION: 

Or, tin Professors and Students of Germany. By Walter C. Perry, Phil. D. of the University 
of liottingcu. Post 8vo. At. 6d. cloth. 
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PESCHEL (C. F.)-ELEMENTS OF PHYSICS, 

Part I. Ponderable Bodies. Bv C. F. Pcschel, Principal of the Royal Military CoDegt, 
Dresden, etc. etc. Translated iiom the German, with Notes, by E. West. Foolscap Br*. 
with Diagrams and Woodcuts, "is. Gd. cloth. 

Part 2.— The Physics of Iupondcrable Bodies, is nearly ready. 

PHILLIPS. -AN ELEMENTARY INTRODUCTION TO MINERALOGY: 

Comprising a Notice of the Characters and Elements of Minerals ; with Ac con lit a of the Places 
and Circumstances in which thev are found. By William Phillips, P.L.S. M.G.S. etc. 4tk 
Edition, considerably augmented by K. Allan, F.R.S.K. 8vo. with wood en ta, 12i. cloth. 

PHILLIPS.- FIGURES & DESCRIPTIONS OF THE PALEOZOIC FOSSILS OF 
CORNWALL, DEVON, and WEST SOMKHSKT; observed in the course of the Ordnance 
Geological Survey of that District. By John Phillips, F.R S. F.G.S. etc. Published by 
Order of the Lords Commissioners of H. M. Treasury. 8vo. with 60 Plates, compristag 
very numerous Figures, i)#. cloth. 

PHILLIPS.— A GUIDE TO GEOLOGY. 

By John Phillips, F.ll.S. G.S. etc. Foolscap 8vo. with Plates, fit. cloth. 

PHILLIPS— A TREATISE ON GEOLOGY. 

By John Phillips, F.ll.S. G.S. etc. 2 vols, foolscap 8vo. with Woodcuts. 12*. cloth. 

PITMAN (KEY. J. R.)-SERMONS 

On the principal Subjects comprised in the Book of Psalms, abridged from Eminent Divine*. 
Hy the Ilev. J. 11. Pitman, A.M. Minister of St. Barnabas Church, Kensington. Svo, 

PLYMLEY (PETER).— LETTERS ON THE SUBJECT OF THE CATHOLICS 

TO MY BltOTIlKll ABRAHAM, WHO LIVES IN THE COUNTRY. By Peter Plyaky. 

21st Edition. Post Svo. 7*. cloth. 

POET'S PLEASAUNCE (THE.; 

Or, Garden Full or all Sorts of Pleasant Flowers, which our Pleasant Poets have In Past 
Time (for Pastime) Planted : with the right ordering of them. By Eden Warwick. la 

1 vol. with Border Illustrations. [/« the jirrJt. 

P01SSON (S.D.)-A TREATISE ON MECHANICS. 

By S. D. Poisson. Second Edition. Translated from the French, and Illustrated will 
Explanatory Notes, by the Rev. Henry II. Hartc, late Fellow of Trinity College. Dublin. 

2 volumes, 8vo. 1/. 8*. cloth. 

POPE (ALEXANDER).— THE WORKS OF ALEXANDER POPE. 

Edited by Thomas lloscoe, Esq. With the Author's Life. A New Edition. 8 vole. 8ro. 

[/« tktprmt. 
PORTER.— A TREATISE ON THE MANUFACTURE OF SILK. 

By G. R. Porter, Esq. F.R.S., author of "The Progress of the Natiou,"etc. Fcap.8vw.wita 
Vignette Title, and 39 Engiavings on Wood, f>». cloth. 

PORTER.— A TREATISE ON THE MANUFACTURES OF PORCELAIN AND 

GLASS. ByG. K. Porter, Esq. F.R.S. Foolscap Svo. with 50 Woodcuts, As. cloth. 

PORTLOCK. - REPORT ON THE GEOLOGY OF THE COUNTY OF 

LONDONDERRY, and of Parts of Tyrone and Fermanagh, examined aud described uadtr 
the Authority of the Master-General and Board of Ordnance. By J. £. Portlock, F.B^S.etc. 

Svo. with 48 Plutes, 24*. cloth. 

POWELL. -THE HISTORY OF NATURAL PHILOSOPHY. 

From the Earliest Periods to the Present Time. By Baden Powell, M. A., Sarlliau Professor 
of Mathematics in the University of Oxford. Fcap. Svo. with Vignette Title. 6#. cloth. 

PYCROFT.— A COURSE OF ENGLISH READING; 

Adapted to every Taste and Capacity. With Anecdotes of Men of Geuins. By the Rev. 
James Pycroft, B.A., Trinity College, Oxford, author of "Greek Grammar Practice." 
" Latin Grammar Practice," etc. Foolscap 8vo. (3«. Gd. cloth. 

QUARTERLY JOURNAL OF THE GEOLOGICAL SOCIETY OF LONDON. 

Edited by David Thomas Ansted, M.A. F.R.S., Fellow of Jesus College, Cambridge ; Pro- 
fessor of Geology in King's College, Loudon; Vice- Secretary of the Geological soriety. 
Svo. 4*. each uumber, sewed. [Published Quarterly. 

RANKE (PROFESSOR).- RANKE'S HISTORY OF THE REFORMATION. 

Translated bv Sarah Austin, translator of Uanke'a *' History of the Popes.'* Vols) 1 andSi 
Svo. 30*. cloth. [Vol. II. In the jmm. 

REECE.-THE MEDICAL GUIDE: 

For the use of the Clergy, Heads of Families, Seminaries, and Junior Practitioners In MesH* 
cine ; comprising a complete Modem Dispensatory, and a Practical Treatise on the distin- 
guishing Symptoms, Causes, Prevention, Cure, and Palliation of the Diseases Incident to the 
Human Frame. By R. Ileece, M.D., late Fellow of the Royal College of Surgeons of London. 
etc. 16thKditiou. 8vo. 12s. boards. * * 



REID (DR.)-ILLUSTRATIONS OF THE THEORY AND PRACTICE OF 
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VENTILATION: with Remarks on Warming, Exclusive Lighting, and the Communication 

of Sound. ByD. B D - ,J ** " " D c v ~-~ °~~ -«*«-"- --■"'""' -«— — 

Wood, 16«. cloth. 



of Sound. By D. B. Reid, M.D. F.R.S.E. etc. 8vo. with Diagrams, and 320 Engravings on 
"'— ■ "i.clof- 



REPTON.— THE LANDSCAPE GARDENING & LANDSCAPE ARCHITECTURE 

of the late Humphrey Repton, Esq. ; being his entire Works on these subjects. A New 
Edition, with an Historical and Scientific Introduction, a systematic Analysis, a Biographical 
Notice, Notes, and a copious Alphabetical Index. By J. (J. Loudon, F.L.S., etc. 8vo. with 
a Portrait and upwards of 250 Engravings, 30*. cloth; with coloured Plates, 3/. 6*. cloth. 

REYNARD THE FOX ; 

A renowned Apologue of the Middle Age. Reproduced in Rhyme. Embellished throughout 
with Scroll Capitals, in Colours, from Wood-block Letters made expressly for this work, after 
Designs of the 12th and 13th Centuries. With an Introduction. By Samuel Naylor, late of 
Queen's College, Oxford. Large square 8vo. 18». cloth. 



RIDDLE-A COMPLETE ENGLISH-LATIN AND LATIN-ENGLISH DIC- 
TIONARY, from the best sources, chiefly German. By the Rev. J. E. Riddle, M.A. 4th 
Edition. 8vo. 31*. 64. cloth. 
%* Separately— The English-Latin Dictionary, 10*. 6rf. ; the Latin-English Dictionary, 21*. 

RIDDLE.— A DIAMOND LATIN- ENGLISH DICTIONARY. 

A Guide to the Meaning, Quality, and right Accentuation of Latin Classical Words. By 
the Rev. J. E. Riddle, M.A. Royal 32mo. 4*. bound. 

RIDDLE.-LETTERS FROM AN ABSENT GODFATHER; 

Or, a Compendium of Religious Instruction for Young Persons. By the Rev. J. E. Riddle, 
M.A. Foolscap 8vo. 6*. cloth. 

RIDDLE.— ECCLESIASTICAL CHRONOLOGY; 

Or, Annals of the Christian Church, from Its Foundation, to the present Time. Containing a 
View of General Church History, and the Course of Secular Events ; the Limits of the Church 
and its Relations to the State; Controversies; Sects' and Parties; Rites, Institutions, and 
Discipline ; Ecclesiastical Writers. The whole armrieed according to the order of Dates, and 
divided into Seven Periods. To which are added. Lists of Councils and Popes. Patriarchs, 
and Archbishops of Canterbury. By the RfV.4. E. Riddle, M.A. 8vo. 15*. cloth. 

RITCHIE (ROBERT.)— RAILWAYS* THEIR RISE AND PROGRESS, AND 

CONSTRUCTION, with Remarks on Railway Accidents, and Proposals for their prose- 
cution. By Robert Ritchie, Esq., F.R.S., S. A., Civil Engineer, Associate of the Institution 
of Civil Engineers, etc. Fcap. 8vo. with Woodcuts and Diagrams, 9*. cloth. 

RIVERS.— THE ROSE AMATEUR'S GUIDE: 

Containing ample Descriptions of all the fine leading varieties of Roses, regularly classed in 
their respective Families; their History and mode of Culture. By T. Rivers, Jun. Third 
Edition, corrected and improved. Foolscap 8vo. 6*. cloth. 

ROBERTS (GEORGE).— THE LIFE, PROGRESSES, AND REBELLION OF 

JAMES DUKE OF MONMOUTH, to his Capture and Execution : with a full Account of 
the Bloody Assizes, and copious Biographical Notices. By George Roberts. 2 vols, post 
8vo. with Portrait, Maps, and other Illustrations, 24*. cloth. 

ROBERTS.-AN ETYMOLOGICAL AND EXPLANATORY DICTIONARY OF 

the TERMS and LANGUAGE of GEOLOGY; designed for the early Student, and those 
who have not made great progress in the Science. By G. Roberts. Foolscap 8vo. 6*. cloth. 

ROBINSON (JAMES).-THE WHOLE ART OF CURING, PICKLING, 

and SMOKING EVERY DESCRIPTION of MEAT and FISH, according to both the 
British iind Foreign Modes. To which is appended, a Description of the requisite Apparatus. 
By James Robinson, Eighteen Years a Practical Curer. Fcp. 8vo. [Just ready. 

ROBINSON-GREEK AND ENGLISH LEXICON TO THE NEW TESTAMENT. 

By E. Robinson, D.D., author of " Biblical Researches." Edited, with careful revision, 
corrections, etc., by the Rev. Dr. Bloomfield. 8vo. 18*. cloth. 

ROGERS.— THE VEGETABLE CULTIVATOR: 

Containing a plain and accurate Description of all the different Species of Culinary Vegetables, 
with the most approved Method of Cultivating them by Natural and Artificial Means, and the 
best Modes of Cooking them ; alphabetically arranged. Together with a Description of the 
Physical Herbs in General Use. Also, some Recollections ofthe Life of Philip Miller, F. A.S., 
Gardener to the Worshipful Company of Apothecaries at Chelsea. By John Rogers, author 
of " The Fruit Cultivator." 2d Edition. Foolscap 8vo. 7«- cloth. 

ROME.-THE HISTORY OF ROME (IN THE CABINET CYCLOPAEDIA). 

2 vols, foolscap 8vo. with Vignette Titles, 12*. cloth. 

ROSCOE.-LIVES OF EMINENT BRITISH UWrf?B&. 

By Henry Roscoe, Esq. Foolscap Svo. with V\gnette TU\e,%». t\oW 
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KOWTON (F.)-THE DEBATER; 

A New Theory of the Art of Speaking. Being a Scries of complete Drbatei, Questions for 
Discussion, and Rules of Debate. With ample references to the best sources of informa- 
tion upon each particular topic. For the use of Schools and Discussion Societies. By Fre- 
derick Rowton, Lecturer on General Literature. [/* the preu. 

8ANDBY (REV. G.)- MESMERISM AND ITS OPPONENTS: 

With a Narrative of Cases. Dy the Rev. George Sandby, Jun., Vicar of Flixton, and Rector 
of All Saints with St. Nicholas, South Elmhain, Suffolk; Domestic Chaplain to the Right 
Hon. the Earl of Abergavenny. Foolscap 8vo. 6«. cloth. 

SANDFORD (REV. JOHN).-PAROCHIAUA, 

or Church, School, and Parish. By the Rev. John Sand ford, M.A. Vicar of Donchurch, 
Chaplain to the Lord Bishop of Worcester, Hon. Canon of Worcester, and Rural Dean. 
8vo. with numerous Woodcuts, 16*. cloth. 

SANDFORD.-WOMAN IN HER SOCIAL AND DOMESTIC CHARACTER. 
By Mrs. John Sandford. 6th Edition. Foolscap 8vo. 6*. cloth. 

8ANDFORD.— FEMALE IMPROVEMENT. 

By Mrs. John Sandford. 2d Edition. Foolscap 8vo. 7*. 6d. cloth. 

SANDHURST COLLEGE MATHEMATICAL COURSE. 

1. ELEMENTS of ARITHMETIC and ALGEBRA. By W. Scott, Esq., A.M. and F.R.A.S. 
Second Mathematical Professor at the Royal Military College, Sandhurst. 8vo. 16*. bound. 

2. ELEMENTS of GEOMETRY ; consisting of the first Four and Sixth Books of Euclid, chiefly 
from the Text of Dr. Robert Simson ; with the principal Theorems in Proportion, and a 
Conrse of Practical Geometry on the Ground ; also, Four Tracts relating to Circles, Planes, 
and Solids, with one on Spherical Geometry. By John Narrien. Professor of Mathematics in 
the Royal Military College, Sandhurst. 8vo. with many Diagrams, 10*. 64. bound. 

8. PLAIN TRIGONOMETRY AND MENSURATION ; for the use of the Royal Military 
College, Sandhurst. By W. Scott, Esq. A.M. and F.R.A.S., Second Mathematical Master in 
Institution. 8vo. 9*.6d. bound 

5. PRACTICAL ASTRONOMY and GEODESY; Including the Projections of the Sphere, 
and Spherical Trigonometry. By John Narrien, F.R.S. and R.A.S. Professor of Mathe- 
matics in the Royal Military College, Sandhurst. 8vo. 14*. bound. 

SCHLEIDENfPROF.)-PR|NCIPLES OF SCIENTIFIC BOTANY. 

By M. J. Schleiden, Professor of Botany at Jena. Translated by E. Lankester, M.D. F.L.S. 
8vo. with numerous wood engravings. [/« the prett. 

SCOTT.— THE HISTORY OF SCOTLAND. 

By Sir Walter Scott, Bart. New Edition. 2 vols. fcap. 8vo. with Vignette Titles, 12*. cloth. 

SEAWARD.— SIR EDWARD SEAWARD'S NARRATIVE OF HIS SHIPWRECK , 

and consequent Discovery of certain Islands in the Caribbean Sea: with a Detail of many 
extraordinary and highly interesting Events in his Life, from 1733 to 1749, as written in his 
own Diary. Edited by Miss Jane Porter. 3d Edition, with a New Nautical and Geographical 
Introduction, containing Extracts from a Paper by Mr. C. F. Collett, of the Royal Navy, 
identifying the islands described by Sir Edward Seaward. 2 vols, post 8vo. 21*. cloth. 

SELECT WORKS OF THE BRITISH POETS: 

From Chaucer to Withers. With Biographical Sketches, by R.Southey, LL.D. Medium 
8vo. 30*. cloth ; or with gilt edges, 31*. 6rf. 

SELECT WORKS OF THE BRITISH POETS: 

With Biographical and Critical Prefaces by Dr. Aikin. A New Edition, with Supplement 
by Lucy Aikin, consisting of Selections from the Works of Crabbe, Scott, Coleridge, 
Pringle, Charlotte Smith, and Mrs. Barbauld. Medium 8vo. 18*. cloth. 

*.• The peculiar feature of thete two work$ is, that the Poems included are printed entire, 
without mutilation or abridgment. 

SERMON ON THE MOUNT (THE). 

t St. Matthew v.vi.vii.l Intended for a Birthday-Present, or Gift-Book for all Seasons. 
rinted in Gold and Colours, in the Missal Style, with Ornamental Borders by Owen Jones, 
Architect, and an Illuminated Frontispiece by W.Boxall, Esq. A new edition. Foolscap 4to. 
in a rich brocaded silk cover, manufactured expressly, 21*.; or bound in morocco, in the 
Missal style, by Hayday, 25*. 

SHAKSPEARE, BY BOWDLER. 

THE FAMILY SHAKSPEARE , in which nothing is added to the Original Text ; but those 
Words and Expressions are omitted which cannot with propriety be read aloud. By T. 
Bowdler, Esq. F.R.S. Seventh Edition, 8vo. with 36 Illustrations after Smirke, etc. 30*. 
cloth i with gilt edges, 31*. 6d. 

* # * A LIBRARY EDITION, w\t\»otitl\WsiTut\o\v%,ft\o\%.%vo.\\A\».^d.>»ttws^ % . 
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SHELDON (FJ— THE MINSTRELSY OF THE ENGLISH BORDER: 

Being a Collectiou of Ballads, Ancient, Re-modelled, and Original, founded on well-known 
Border Legends. With Illustrative Notes. By Frederick Sheldon. Square foolscap 8vo. 

[In the p rest. 

SHELLEY, ETC.— LIVES OF THE MOST EMINENT LITERARY MEN OF 

ITALY, SPAIN and PORTUGAL. By Mrs. Shelley, Sir D. Brewster, J. Montgomery, etc 
3 v.ol§. foolscap 8vo. with Vignette Titles, 18s. cloth. 

SHELLEY.- LIVES OF THE MOST EMINENT FRENCH WRITERS. 

By Mrs. Shelley and others. 2 vols, foolscap 8vo. with Vignette Titles, 12*. cloth. 

SHEPHERD (REV. W.)-HOR^ APOSTOLIG/E; 

Or, a Digested Narrative of the Acts, Lives, and Writings of the Apostles. By the Rev. 
William Shepherd, B.D. Rector of Margaret Roding, Essex, and Rural Dean. Fcp. 8vo. 

[In the preit. 

SHORT WHIST : 

Its Rise, Progress, and Laws; with Observations to make any one a Whist Player; containing 
also the Laws of Piquet, Cassino, Ecartc, Cribbage, Backgammon. By Major A • * • * •. 
9th Edition. To which are added, Precepts for Tyros. By Mrs. B • • • • • Foolscap 8vo. 
3*. cloth, gilt edges. 

SMITH (GEORGE). -THE RELIGION OF ANCIENT BRITAIN: 

Or, a Succinct Account of the several Religious Systems which have obtained in thia 
Island from the Earliest Times to the Norman Conquest : including an Investigation into 
the Early Progress of Error in the Christian Church, the Introduction of the Gospel into 
Britain, and the State of Religion in England till Popery had gained the Ascendency. By 
George Smith, F.A.S. Member of the Royal Asiatic Society, and of the Royal Society 
of Literature. Foolscap. 8vo. 7s. cloth. 

SMITH (GEORGE).— PERILOUS TIMES: 

Or, the Agressions of Anti-Christian Error on Scriptural Christianity! considered in refer- 
ence to the Dangers and Duties of Protestants. By George Smith, F.A.S. Member of the 
Royal Asiatic Society, and of the Royal Society, of Literature. Foolscap 8vo 6*. cloth. 

SMITH (MRS. H.)-THE FEMALE DISCIPLE OF THE FIRST THREE 

CENTURIES OF THE CHRISTIAN ERA: Her Trials and Her Mission. By Mrs. Henry 
Smith. Foolscap 8vo. 6*. cloth. 

SMITH.— AN INTRODUCTION TO THE STUDY OF BOTANY. 

By Sir J. E. Smith, late President of the Linntean Society. 7th Edition, corrected ; in which 
the object of Smith's "Grammar of Botany'* is combined with that of the *' Introduction. " 
By Sir William Jackson Hooker, K.H. LL.D. etc. 8vo. with 36 Steel Plates, 16*. cloth: 
with coloured Plates, 2/.12».6d. cloth. 

SMITH -COMPENDIUM OF THE ENGLISH FLORA. 

By Sir J. K. Smith. 2d Edition, with Additions and Corrections. By Sir W.J. Hooker- 
tfnio. 7s. 6d. cloth. THE SAME IN LATIN. 5th Edition, 12mo. 7s. 6d. 

SMITH.— THE ENGLISH FLORA. 

By Sir James Edward Smith, M.D. F.R.S., late President of the Linntean Society, etc. 
6 vols. 8vo. 3/. 12*. boards. 

CONTENTS : 
Vols. I. to IV. the Flowering Plants and the Ferns, 21. 8s. 
Vol. V. Parti, 12*.— Cryptogamia; comprising | Vol. V. Part 2, 12i.— The Fungi— completing 
the Mosses, Hepaticae, Lichens, Chara- I the work, by Sir W. J. Hooker, and the 

cew, andAlgas. By Sir W. J. Hooker. I Rev. M. J. Berkeley, F.L.S. etc. 

SMITH (SYDNEY).— SERMONS PREACHED AT ST. PAUL'S CATHE- 
DRAL, The Foundling Hospital, and several Churches in London ; together with others 
addressed to a Country Congregation. By the late Rev. Sydney Smith, Canon Residentiary 
of St. Paul's Cathedral. 8vo. 12*. cloth. 

SMITH.— THE WORKS OF THE REV. SYDNEY SMITH. 

3d Edition. 3 vols.8vo. with Portrait, 36*. cloth. 
*»• This collection consists of the Author's contributions to the "Edinburgh Review," 
Peter Plymley's" Letters on the Catholics," and other miscellaneous works; to which art 
now first added— ■** Three Letters on Railways;'" •* Letter to Mr. Horner ;" ** Two Letters on 
American Debts;" *• A Prayer;'* "Changes" (never before published) } "A Fragment on 
the Irish Roman-Catholic Church." 

SOPHOCLES, BY LINWOOD. 

SOPHOCLIS TRAGCEDI^E SUPERSTITES. B.etetv*u\V, eV Vtw\ **»«&■««*« V»vr«*x 

Gulielmus Lin wood, A.M. jEdis Christi apud O&omenm Mwkvuu*. %so.\fc». vXovfc-. 
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NEW WORKS AND NEW EDITIONS 



SOUTH KY (ROBERT).— THE LATE MR. SOUTHEY'S COMMON 

PLACE BOOK ; comprising his Readings and Collections in History, Biograohv. Munner 
and Literature, Voyages and Travels, etc. etc.; systematically arranged 



[/» thepreu. 
SOUTH RY (ROBKRT).— SOUTHEY'S LIFE OF WESLEY. 

A New Edition. Edited by his Son, the Rev. Cuthbert C. Southey. 8vo. [/» the prett. 
SOUTH EY, ETC.— LIVES OF THE BRITISH ADMIRALS; 

With an Introductory View of the Naval Historv of England. By R. Southey, Esq. and 
R. Bell, Esq. 5 vuls.'foolscap 8vo., with Vignette* Titles, 1/. 1()«. cloth. 

SOUTHEY (ROBERT).— OLIVER NEWMAN ; 

A New England Title (unfinished) : with other Poetical Remains. By the late Robert 
Southey. foolscap Svo. uniform with the Ten Volume Edition of Mr. bouthey's Poetical 
Works, hi. cloth. 

SOUTHEY'S (ROBERT) COMPLETE POETICAL WORKS: 

Containing all the Author's last Introductions and Notes. Complete iu one volume, medium 
t's Residence at Keswick, uniform with Byron's Poems 
or 42a. bound in morocco, by I lay day. 
Also, an Edition in 10 vols, foolscap Svo. with Portrait and 19 Plates, 2/. 10*.; morocco, 41. 10». 

The following Works separately:— 
JOAN OF ARC - - Fcap. Svo. 5*. cloth. ■ THALABA - - - Fcap.8vo. 5*. cloth. 

MADOC „ 5i. „ I BALLADS, etc. 2 vols. „ 10*. „ 

CURSK OF KKIIAMA „ 6i. „ ', RODERICK - - - - „ 5*. „ 

SPIRIT OF THE WOODS (THE). 

By the author of "The Moral of Flowers." 2d Edition. Royal 8vo. with 23 beautifully 
coloured Engravings of the Forest Trees of Great Britain, 1/. 11». Ctf. cloth. 

SPOOXER.— A TREATISE ON THE STRUCTURE, FUNCTIONS, AND 

DISK ASKS of the FOOT and LEG of the HORSE ; comprehending the Comparative Anatomy 
of these Parts iu other Animals ; embracing the subject of Shoeing and the properTreatment 
of the Foot; with the Rationale ami Effects of various Important Operations, and the best 
Methods of performing them. By W. C. Spoouer, M.R.V.C. 12mo. It. 6d. cloth. 

STABLE TALK AND TABLE TALK; OR, SPECTACLES FOR YOUNG 

SPORTSMEN. By Harry Hieover. 8vo. 12«. cloth. 
*,* A Second rolume, with Portrait of the Author and complete Index to both volmmet, 
it nearly rca ty. 

STUBBING (REV. II.)— THE HISTORY OF THE CHURCH OF CHRIST, 

From the Diet of Augsburg, l.">;«l, to the Kighteenth Century; originally designed as a Con- 
tinuation of Milner's " History of the Church of Christ." By the Rev. Henry Stcbbiug, 
D.D. 3 vols. Svo. :}fi*. cloth. 

STEBBING.— THE HISTORY OF THE CHRISTIAN CHURCH, 

From its Foundation to A.D. 1102. By the Rev H. Stcbbiug, M.A., etc. 2 vols, foolscap 8vo. 
with Vignette Titles, 12». cloth. 

STEBBING.-THE HISTORY OF THE REFORMATION. 

By the Rev. H. Stcbbiug. 2 vols, foolscap Svo. with Vignette Titles, 12*. cloth. 

STEEL'S SHIPMASTER'S ASSISTANT. 

Compiled fcr the use of Merchants, Owners and Masters of Ships, Officers of Customs, and 
all Persons connected with Shipping or Commerce ; containing the Law and Local Regula- 
tions affecting the Ownership, Charge, and Management of Ships and their Cargoes; 
together with Notices of other Matters, and all necessaiy Information for Mariners. New 
Edition, rewritten throughout. Kdited by Grahtm Willuiore, Esq. M.A. Barrister-at-Law ; 
the Customs and Shipping Department hy George Clements, of the Customs, London, 
compiler of "The Customs Guide;" The" Exchanges, etc. and Naval Book-keeping, by 
William Tate, authorof «' The Modern Cambist." Svo. 28t . cloth ; 2D*, bound. 

STEP1IKNS.-A MANUAL OF BRITISH COLEOPTERA ; 

Or, BKETLKS : containing a Description of all the Species of Beetles hitherto ascertained to 
Inhabit Great Britain and Ireland, etc. With a complete Index of the Genera. By J. F. 
Stephens, F.L.S., author of " Illustrations of Entomology." Post Svo. 14* . cloth. 

STRONG— GREECE AS A KINGDOM: 

A Statistical Description of that Country its Laws, Commerce, Resources, Public Institutions, 
Army, Navy, etc.- from the Arrival of KingOtho, in 1H33, down to the present time. From 
Official Documents and Authentic Sources. By Frederick Strong, Esii., Cousul at Athens for 
the Kingdoms of Bavaria and Hanover. Svo. lot. cloth. 

SUNDAY LIBRARY: | 

Containing nearly one hundred Sermons by eminent Divines. With Notes, etc. by the ! 
Rev. T. F. Dibdin, D.D. t> vols, foolscap hvo. with 6 Portraits, Mi. cloth ; neatly hair- bound ! 
in morocco, with gill edes, 2/. 12*. lit/. I 
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SWAINSON.-A PRELIMINARY DISCOURSE ON THE STUDY OF NATURAL 

HISTORY. By W. Swainson, Esq. Foolscap 8 vo. 6*. cloth. 



i Author. 
NATURAL HISTORY ETC. OP FI8H, 

AMPHIBIA, ft REPTILES. 2 vol*, fee*. 

8vo. 13$. 
A TREATISE ON MALACOLOGY | Or. the 

Natural Classification of Shells and Shell- 

Fiah. Fcap. 8vo. 6*. 
HISTORY AND NATURAL ARRANGE- 

MENT OF INSECTS. Fcap. 8vo. ft*. 
A TREATISE ON TAXIDERMY i witk to* 

Biography of Zoologists, and Notice* of 

their Works. Fcap. 8vo. 6*. 



By the ta 

A TREATISE ON THE NATURAL HIS- 
TORY & CLASSIFICATION of ANIMALS. 
Fcap. 8vo. 6*. 

NATURAL HISTORY AND CLASSIFICA- 
TION OF QUADRUPEDS. Fcap. 8ro. 6*. 

NATURAL HISTORY AND CLASSIFICA- 
TION OF BIRDS. 2 vols. fcap. 8vo. 12*. 

HABITS AND INSTINCT OF ANIMALS. 
Fcap. 8vo. 6s. 

ANIMALS IN MENAGERIES. Tcap.8ro. 6s. 

SWITZERLAND— THE HISTORY OF SWITZERLAND. 

Foolscap 8vo. with Vignette Title, 6*. cloth. 

TATE.-HORATIUS RESTITUTUSS M v _ ,_ 

Or, the Books of Horace arranged in Chronological Order, according to the Scheme of Dr. 
Bentley, from the Text of Gesner, corrected and improved. With a Preliminary Dissertation, 
▼rry much enlarged, on the Chronology of the Works, on the Localities, and on the Lift 
and Character of that Poet. By James Tate, M.A. Second edition, to which Is now added, 
an original Treatise on the Metres of Horace. 8vo. 12s. cloth. 

TATE— THE CONTINUOUS HISTORY OF THE LIFE AND WRITftMQS OF 

ST. PAUL, on the basis of the Acts j with Intercalary Matter of Sacred Narrative, auppBed 
' ~ " " ;s, and elucidated in occasional Dissertations i with the Horn? PauUam of 



from the Epistles, 

Dr. Paley, in a more correct edition, subjoined, 
of St. Paul's. 8vo. with Map, 13s. cloth. 



By James Tate, M.A.,Cai 



TAYLER (REV, CHARLES B.)- MARC A RET; 

Or, the Pearl. By the Rev. Charles B. Tayler, M.A. Rector of 8t. Peter's, Chester, author 
of " Lady Mary ; or, Not of the World ;" etc. 3d Edition. Foolscap 8vo. 6*. cloth. 

TAYLER (REV, CHARLES B.)-LADY MARY; OR, NOT OF THE WORLD. 
By the Re*. Chnrles B. Tayler, Rector of St. Peter's, Chester | author of •* Margaret, or the 

Pearl," etc. Foolscap 8vo. 6«. 64. cloth. 

TAYLER (REV. CHARLES B.)— TRACTARIANISM NOT OF COD. 

Sermons. By the Rev C.B. Tayler, Rector of St. Peter's, and Evening Lecturer at St. 
Mary's, Chester; author of *« Lady Mary ; or, Not of the World," etc. Fcap. 8vo. 6s. doth. 

TAYLER (REV. CHARLE8 B.)-DORA MELDER : 

A Story of Alsace. By Meta Sander. A Translation. Edited by the Rev. C. B. Tajrler, 
author of " Margaret ; or, the Pearl," etc. Fcap. 8ro., with two Illustrations, J$. cloth. 

TAYLOR (JEREMY).— BISHOP JEREMY TAYLOR'S WORKS. 

With the References verified. A New and thoroughly revised Edition. 
*,* This Work is in the hands of a competent Editor at Orford. and witl he published fa 
volumes, price 10s. 6d. each; to be completed in IS volumes, each of GOO el osety pri ttfeej pmsjea, 
published at intervals of two months. The first volume mill probably be uubUshed In Jmmmm 
ary 1847. Subscribers' names received by the Proprietors, and mil Booksellers. 



TAYLOR.— THE STATESMAN. 

By Henry Taylor, Esq.,author of " Philip Van Artevelde." 

THI RLW ALL.— THE HISTORY OF GREECE. 



ISmo. et. M. boards. 



By the Right Rev. the Lord Bishop of 8t. David's. A new Edition, revised t with Metes, 
Vols. I. and 1 1, demy 8vo. with Maps, 12s. each cloth. To be completed in 8 vofo 

%• Alto, an Edition in 8 vols. fcap. See. with Fignette Titles, ! 



e completed in 8 v 

TvoHll. is tn the press, 
ttte Title*, ST. 8#. cloth. 



Illustrated with Seventy-seven Designs drawn on Wood by 
b. Engraved by Thompson and other eminent Eagreves* 
i "Goldsmith's Poems/ Sis. cloth | la morocco, fry H> 



THOMSON'S SEASONS. 

Edited by Bolton Corney, Esq. 
the Members of the Etching Clnb. 
Square crown 8vo. uniform with ' 
day, 36s. 

THOMSON.-AN ELEMENTARY TREATISE ON ALGEBRA, 

Theoretical and Practical. By James Tho rns— , LL.D. Professor of Math ems tin 
University of Glasgow. 2d Edition. ISmo. S*. cloth. 
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THOMSON (JOHN).-TABLES OF INTEREST, 

At Three, Four, Four-and-a-half, and Five per Cent., from One Pound to Ten Thousand, 
and from One to Three Hundred and Sixty-five Days, iu a regular progression of Single 
Days; with Interest at all the above Rates, from Oue to Twelve Months, and from One to 
Ten Years. Also, Tables shewing the Exchange on Bills, etc. etc. etc. By John Thomson, 
Accountant in Edinburgh. 12mo.S*. bound. 

THOMSON. -THE DOMESTIC MANAGEMENT OF THE SICK ROOM, 

Necessary, in Aid of Medical Treatment, for the Cure of Diseases. By Anthony Todd 
Thomson, M.D. F.L.S. etc. 2d Edition. Post 8vo. 10*. 6rf. cloth. 

TOMLINE (BISHOP).— AN INTRODUCTION TO THE STUDY OF THE BI3LE: 

Being the First Volume of the Elements of Christian Theology ; containing Proofs of the 
Authenticity and Inspiration of the Holy Scriptures ; a Summary of the History of the Jews; 
an Account of the Jewish Sects ; and a brief Statemc t of the Contents of the several Books 
of the Old Testament. By the late George Tomlin, D.D.F.R.S . Lord Bishop of Winchester. 
20th Edition. Foolscap 8vo. 5*. 6<f. cloth. 

TOMLINE (BISHOP).— ELEMENTS OF CHRISTIAN THEOLOGY ; 

Containing Proofs of the Authenticity and Inspiration of the Holy Scriptures ; a Summary of 
the History of the Jews ; a Brief Statement of the Contents of the several Books of the Old 
and New Testaments ; a Short Account of the English Translations of the Bible, and of the 
Liturgy of the Church of England ; and a Scriptural Exposition of the Thirty-Nine Articles 
of Religion. By George Tomline, D.D. F.R.S., Lord Bishop of Winchester. 14th Edition. 
With Additional Notes, and a Summarv of Ecclesiastical History. By Henry Stebbing, D.D., 
author of •» A History of the Church of Christ, from the Confession of Augsburg," etc. etc. 
2 vols. 8vo. 21*. cloth. 

TOMLINS — A POPULAR LAW DICTIONARY; 

Familiarly explaining the Terms and Nature of English I,aw ; adapted to the comprehension of 
Persons not educated for the Legal Profession, and affordiug Information peculiarly useful to 
Magistrates, Merchants, Parochial Officers, and others. By Thomas EdlyneTomlins, Attorney 
and Solicitor. Post 8vo. 18*. cloth. 

The whole work has been revised by a BarrUter. 

T00KE.-A HISTORY OF PRICES; 

With reference to the Causes of their principal Variations, from 1792 to the Present Time. 
Preceded by a Sketch of the History of the Corn Trade in the last Two Centuries. By 
Thomas Tooke, Esq. F.R.S. 3 vols. 8vo. 2/. 8*. cloth. 

%* Separately, Vols. I. and II. 36*.; Vol. III. 12*. 
TOWNSEND (CHARLES).— THE LIVES OF TWELVE EMINENT JUDGES. 

OF THE PRESENT CENTURY. By W. Charles Townsend, Esq A.M. Recorder of Mac- 
clesfield , author of " Memoirs of the House of Commons." 2 vols. 8vo. [/« the preu. 

TROLLOPE (REV. W.)-ANALECTA THEOLOGICA: 

A Critical, Philological, and Excgetical Commentary on the New Testament, adapted to 
the Greek Text ; compiled and digested from the most approved sources, British and Foreign, 
and so arranged as to exhibit the comparative weight of the different Opinions on Disputed 
Texts. By the Rev. William Trollope, M.A. of Pembroke College, Cambridge, and formerly 
one of the Masters of Christ's Hospital. New Edition. 2 vols. 8vo. 1/. 12*. cloth. 

TURNER.— THE SACRED HISTORY OF THE WORLD, 

Philosophically considered. By S. Turner, F.S. A. R.A.S.L. New Edit. 3 vols. 8vo. 42*. bds. 

TURNER (SHARON).— RICHARD III.: 

A Poem. By Sharon Turner, Esq., F.S. A. and R.A.S.L., author of "The History of the 
Anglo-Saxons," "The Sacred History of the World," etc. Foolscap 8vo. 7'-6tf. cloth. 

TURNER.— THE HISTORY OF ENGLAND, 

From the Earliest Period to the Death of Elizabeth. By SharonTurner, Esq. F. A. S. R.A.S.L. 
New Edition. 12 vols. 8vo. 8/. 3*. cloth. 

* # * Or in Jour teparate portions, at follows :— 
THE HISTORY of the ANGLO-SAXONS; 6th Edition. 3 vols. 8vo. 21. 5*. 
THE HISTORY of ENGLAND during the MIDDLE AGES; 3d Edition. 5 vols. 8vo 3/. 
THE HISTORY of the REIGN of HENRY VIII. ; 3d Edition. 2 vols. 8vo. 26*. 
THE REIGNS of EDWARD VI., MARY, and ELIZABETH; 3d Edition 2 vols. 8vo. 32*. 

TURNER.- A TREATISE ON THE FOOT OF THE HORSE, 

And a New System of Shoeing, by One-sided Nailing; and on the Nature, Origin, and 
Symptoms of the Navicular Joint Lameness, with Preventive and Curative Treatment. By 
James Turner, M.R.V.C. Royal 8vo. 7*. 6d.Wu&s. 
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TURTON'S (DR.) MANUAL OF THE LAND AND FRESHWATER SHELLS OF 

THK BRITISH ISLANDS. A new Editiou, thoroughly revised, and with considerable 
Additions. By John Edward Gray, Keeper of the Zoological Collection in the British Museum . 
Post 8vo. with Woodcuts, and 12 coloured Plates, 15t. cloth. 

TVVISS (DR. T.)-THE OREGON QUESTION EXAMINED, 

In respect to Facts and the Law of Nations. By Travers Twigs, D.C.L. F.R.8. Professor 
of Political Economy in the University of Oxford, and Advocate at Doctors' Commons. 8vo. 
with Maps of North America and the Oregon Territory (with the Columbian River on an 
enlarged scale, reduced from an Americau Government Survey), 12*. cloth. 

TYTLER (PROFESSOR). — PROFESSOR TYTLER'S ELEMENTS OF 

GENERAL HISTORY, Ancient and Mo lern, with Dr. Nares' Continuation. A new Edition, 
revised and continued to the Death of William IV. 8vo. with 7 Maps. 14*. cloth. 

URE.-DICTIONARY OF ARTS, MANUFACTURES, AND MINES; 

Containing a clear Exposition of their Principles and Practice. Bv Andrew Ure, M.D. 
F.R.S. M.G.S. M.A.S. Lond. ; M. Acad. N.S. Philad. ; S. Ph. Soc. N. Germ. Hanov. ; Mullli. 
etc. etc. Third Edition, corrected. 8vo. with 1240 Woodcuts, 60*. cloth. 
By the same Author, 
SUPPLEMENT OF RECENT IMPROVEMENTS. 2d Edition. 8vo. 14*. cloth. 

VON ORLICII (CAPT.)-TRAVELS IN INDIA, 

And the adjacent Countries, in 1842 and 1843. By Capt. Leopold Von Orlicb. Translated 
from the German by H. Evans Lloyd, Esq. 2 vols. 8vo. with coloured Frontispieces, and 
uumernus Illustrations on Wood, 23*. cloth. 

WALFORD (J. E)— THE LAWS OF THE CUSTOMS, 

Compiled by Direction of the Lords Commissioners of Her Majesty's Treasury, and pub- 
lished under the Sanction of the Commissioners of Her Majesty's Customs; with Notes and 
a General Index. Edited by J.G. Walford, Esq. Solicitor for the Customs. Printed for Her 
Majesty's Stationery Office, and published by Authority. 8vo. 10*. 6d. cloth. 

WALKER (GEO.)-CHESS STUDIES: 

Comprising 1000 Games actually Played during the last Half Century; presenting a unique 
Collection of Classical and Brilliant Specimens of Chess Skill in every stage of the Game, 
and forming an Encyclopaedia of Reference. By George Walker. Medium 8vo. 10s. 64. sewed. 

WATERTON. -ESSAYS ON NATURAL HISTORY, 

Chiefly Ornithology. By Charles Waterton, Esq.. author of "Wanderings in South 
America." With an Autobiography of the Author, and a View of Walton Hall. New Edition, 
foolscap 8vo. 8*. cloth. 

SECOND SERIES. With Continuation of Mr. Waterton's Autobiography. New Edition, fcap. 
8vo. with Vignette by T. Creswick, A.R.A. 6s.6d. cloth. . 

\VATTS(A.A.)-LYRICS OF THE HEART. 

With other Poems. By Alaric A. Watts. Illustrated by 40 highly-finished Line Engravings, 
from the Designs of many of the eminent modem Painters, by the best Engravers of the age. 
Squire crown 8vo. printed and embellished uniformly with Rogers's " Italy" and *' Poems," 
31*. C>d. boards ; or proof impressions, 63*. boards ; proofs before letters, on 4to. colnmbier, 
India paper (only 50 copies printed) , price 5/. 5*. [A t Baiter. 

WEBSTER.— AN ENCYCLOP/EDIA OF DOMESTIC ECONOMY; 

Comprising such subjects as are most immediately connected with Housekeeping! as, 
The Construction of Domestic Edifices, with the modes of Warming, Ventilating, and 
Lighting them -A desciiption of the various articles of Furniture, with the nature ot" their 
Materials Duties of Servants - A general account of the Animal and Vegetable Substances 
used as Food, and the methods of preserving and preparing them by Cooking— Making 
Bread The Chemical Nature and the Preparation of all kinds of Fermented Liquors nsea 
as Beverage — Materials employed in Dress and the Toilet — Business of the Laundry - 
Description of the various Wheel Carriages— Preservation of Health — Domestic Medicine, 
etc. etc. etc. By Thomas Webster, F.G.S., etc.; assisted by the late Mrs. Parkes, author 
of « 4 Domestic Duties.'' 8vo. with nearly 1000 Woodcuts, 50*. cloth. 

WARDLAW.-DISCOURSES ON THE PRINCIPAL POINTS OF THE SOCINIAN 

CONTROVERSY- the Unity of God, and the Trinity of Persons in the Godhead -the Supreme 
Divinitv of Jesus Christ— the Doctrine of the Atonement - the Christian Character, etc. 
By Ralph Wardliiw, D.D. 5th Edition. 8vo. 15*. cloth. 

WKIL (DR.)-THE BIBLE, THE KORAN, AND THE TALMUD; 

Or. Biblii «1 legends of the Mussulmans, compiled from Arabic Sources, and compared 

with J. -Nvii.il Traditions. By Dr. G. Weil, Librarian of the University of Heidelberg, etc. 

Truncated from the German', with occasional Notes. Post Hvo. "Js. 6d. cloth. 

" It hut been the aim of the learned author of this curiam book to collect the most esteemed 

of Muh'nnrdmi legends, at given in the Koran or Arabic 3JSS., that we mag ascertain to trial 

rj tent our Scripture narratives have been corrupted by human inventions, and Allots oa whst 

foundation the faith of Mahomedanism is built up. For giving an authentic notion •/ 

Mahomedati belief. Dr. Weil's volume, from its connected and simple form, may bemadtmtt 

uirful than tiny other, not ercepting even the Koran."— Britannia. 



